Asymmetric synthesis via chiral sulfur reagents by Dong, Zemin
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
1993 
Asymmetric synthesis via chiral sulfur reagents 
Zemin Dong 
University of Wollongong 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Dong, Zemin, Asymmetric synthesis via chiral sulfur reagents, Master of Science (Hons.) thesis, 
Department of Chemistry, University of Wollongong, 1993. https://ro.uow.edu.au/theses/2778 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
ASYMMETRIC SYNTHESIS 
VIA CHIRAL SULFUR REAGENTS
A THESIS SUBMITTED IN FULFILMENT 
OF THE REQUIREMENTS FOR THE AWARD 
OF THE DEGREE OF
MASTERS OF SCIENCE
WITH HONOURS 
FROM
THE UNIVERSITY OF WOLLONGONG
BY
ZEMIN DONG, B.Sc
SUPERVISOR: S. G. PYNE
DEPARTMENT OF CHEMISTRY
DECEMBER 1993
ACKNOWLEDGMENTS
I would like to express gratitude to my supervisor A/Professor 
Stephen G. Pyne for his expert guidance, encouragement, design of 
a challenging and interesting project and his financial support.
I would also like to thank the other members of Pyne's research 
group and all other members of the department for their technical 
assistance and support.
Finally, I would like to thank Jie Ding, my wife, for her 
understanding, encouragement and typing this manuscript.
D eclaration
This is to certify that the work described in this 
thesis has not been submitted for a higher degree 
at any other University or institution.
CONTENTS
PART 1. Asymmetric Synthesis via Chiral Sulfoximines.
Chapter 1. Asymmetric Synthesis of Chiral Alcohols
and Ketones from Sulfoximines. 1
1. Optical Active Compounds. 1
2. The Ways to Obtain Optically Active Compounds. 2
3. The Importance of Asymmetric Synthesis. 3
4. The Preparation of Optically Activated Sulfoximines. 4
5. Some Applications of Sulfoximines in Asymmetric
Synthesis. 7
6. Conjugate Addition of Allylic Sulfoximines. 1 6
Chapter 2. Asymmetric Synthesis of Chiral Alcohols and
Chiral Ketones from (+)-(S)-N-t-Butyldiphenyl 
silyl-S-Methyl-S-Phenylsulfoximine. 2 5
1. Preparation of (+)-(S)-N-t-Butyldiphenylsilyl
-S-Methyl-S-Phenylsulfoximine. 2 5
2. Asymmetric Synthesis of p-Hydroxysulfoximines. 2 6
3. Resolution of Racemic Chiral Cyclic Ketones. 4 5
4. Experimental 5 2
Chapter 3. Diastereoselective Conjugate Addition
Reactions of Lithiaed N-p-Tosyl-S-Phenyl-2- 
Propenylsulfoximine. 6 2
II
1. Preparation of Racemic
N-p-Tosyl-S-Phenyl-2-Propenylsulfoximine. 6 2
2. Diastereoselective Conjugate Addition Reactions of
Lithiated (1) to Cyclic and Acyclic
Michael Acceptors. 6 2
3. Diastereoselective Addition of Lithiated
Sulfoximine (1) to Aldehydes. 7 6
4. Experimental. 7 8
Part 2. 8 7
Chapter 4. Addition of Nitrogen Nucleophiles
to Vinyl Sulfoxides. 8 7
1. The Conjugate Additions of Amines to
Vinyl Sulfoxides. 8 7
2. The Synthesis of Triazoles. 8 9
Chapter 5. Addition of Azide to Vinyl Sulfoxides. 9 3
1. Preparation of p-aryl-a-phenylsulfinylarylates. 9 3
2. Preparation of Triazoles and p-Azido Esters. 9 4
3. Experimental. 106
References. 112
A b b r e v i a t i o n s .
The following abbreviations are used throughout this thesis:
AcOH acetic acid
Cl chemical ionization
DCM dichloromethane
DMF N,N-dimethylformamide
d.r. diastereomeric ratio
e.e. enantiomeric excess
El electron impact
equiv. equivalents
Et20 diethyl ether
FAB fast atom bombardment
R.T. room temperature
THF tetrahydrofuran
TMS trimethylsilyl
IV
ABSTRACT
This thesis is presented in two parts.
Part 1. Asymmetric Synthesis via Chiral Sulfoximines.
Chapter 1. Asymmetric Synthesis of Chiral Alcohols
and Ketones from Sulfoximines
The application of chiral sulfoximines to the asymmetric 
synthesis of chiral alcohols and ketones is described historically 
in Chapter 1.
Chapter 2. Asymmetric Synthesis of Chiral Alcohols
and Chiral Ketones from (+)-(S)-N-t- 
B u ty ld ip h e n y ls i ly l -S -M e th y l -  
S -P h en y lsu lfo x im in e .
The synthesis and applications of (+)-(S)-N-t-butyldiphenylsilyl- 
S-methyl-S-phenylsulfoximine to the asymmetric synthesis of 
chiral alcohols is described in Chapter 2. The
diastereoselectivities of all these reactions have been 
documented. The stereochemistry of some major adducts was 
determined by X-ray crystallography. Two racemic ketones, 2-t- 
butyl-cyclohexanone and 2-methyl-cyclohexanone were 
successfully resolved by diastereoselective addition of lithiated 
(+)-(S)-N-t-butyldiphenylsilyl-S-methyl-S-phenylsulfoximine, 
followed by separation of the diastereomeric adducts and then 
thermolysis.
Chapter 3. D ia s tereo se lec t iv e  Conjugate  Addit ion  
Reactions of Lithiated Allylic Sulfoximine 
to Cyclic and Acyclic Enones.
The asymmetric conjugate addition reactions of racemic S-allyl-
V
S-phenyl-N -tosylsulfoxim ine with Michael acceptors and 
carbonyl compounds is described in Chapter 3. The 
diastereoselective ratio of all reactions have been documented. 
The stereochemistry of two major adducts was determined by X- 
ray crystallography analysis.
Part 2. Diasteroselective Synthesis of p - A z i d o
S u lfo x id es .
Chapter 4. Addition of Nitrogen Nucleophiles to Vinyl
S u lfo x id es .
A survey of the conjugate addition reactions of vinyl sulfoxides 
with nitrogen nucleophiles is described.
Chapter 5. Addition of Azide to Vinyl Sulfoxides.
The conjugate addition reaction of azide ion to p -a r y l-a -  
phenylsulfinylacrylates is reported in Chapter 5. Reactions in the 
presence of acetic acid gives triazoles while reactions in the 
presence of hydrochloric acid gives p-azido esters. These are the 
first p-azido sulfoxides to be isolated.
1
PART 1 ASYMMETRIC SYNTHESIS VIA CHIRAL 
SULFOXIMINES
In tr o d u c t io n
Chapter 1 Asymmetric Synthesis of Chiral Alcohols 
and Ketones from Sulfoximines
1.Optical Active Compounds
Chiral molecules have two enantiomeric forms. These have the same 
constituent ligands spatially arranged around a central atom in 
different absolute configuration. Therefore, enantiomers are non- 
superimposable mirror images, that possess identical physical and 
chemical properties in an achiral environment, except in their 
rotation of plane polarized light.
For example, alanine has two enantiomeric forms. 1
H H
M e ^ I ^ - O O O H
T
HOOC — .¿ - - » M e
1
n h 2
I
n h 2
L-(+)-Alanine D-(-)-A lanine
Biological receptors are often capable of recognising the two 
enantiomers of a particular drug or pesticide as being different. 
Often, one enantiomer is active, whereas the another enantiomer 
may be inactive, or act as an inhibitor of the active enantiomer or 
even cause adverse side effects.2
2
2.The Ways To Obtain Optically Active Compounds
In general, we can obtain optically active compounds by using the 
methods below.3
(1) Physical Separation via Enantiomeric Crystalline Forms.
(a) Physical sorting of enantiomeric crystals.
(b) Selective seeding of a solution of racemate with crystals of one 
enantiomer (or isomorphous crystal).
(c) Preferential incorporation of one enantiomer in an inclusion 
compound.
(2) Resolution Based upon Separation of Diastereomeric Forms.
(a) Classical resolution. Stable diastereomer formation (including 
molecular complexes) followed by physical separation based upon 
crystallization, chromatography, distillation, etc.
(b) Selective association on a chiral absorbant or selective solvent 
extraction using a chiral solvent or solution (equivalent to labile 
diastereomer formation). 34
(3) Themodynamically Controlled Asymmetric Transformations of 
Stereochemically Labile Diastereomers.
(4) Kinetically Controlled Asymmetric Transformations:
(a) Reactions of racemic substrates with chiral reagents.
(b) Reactions of achiral substrates with chiral reagents.
3
(c) Absolute asymmetric degradation and synthesis.
3 The Importance of Asymmetric Synthesis.
An asymmetric synthesis is a process which converts a prochiral unit 
into a chiral unit so that unequal amounts of stereoisomeric products 
resu lt.3
For example3»4
73% R-(-)-benzyl alcohol 27% S-(+)-benzyl alcohol
The necessity of asymmetric synthesis for the pharmaceutical 
industry is no longer a matter of convenience, but a matter of law. 
This is justified when you consider the effects of drugs which were 
marketed as racemic mixtures. The most widely publicised racemic 
drug tradegy involved phthalidom ide.5 It was marketed in the
4
early 60’s to prevent morning sickness in pregnant women. 
Superficially it was effective, as the R-(+)-enantiomer prevented 
morning sickness. Later it was discovered that phthalidomide also 
produced malformations and other birth defects in the foetus. This 
was due to the S-(-)-enantiomer, which had a teratogenic effect. 
Therefore, phthalidomide is potentially a pharmacologically effective 
drug if it could have been marketed as the enantiomerically pure R- 
(+)-form instead of the racemate. Consequently there is great need 
for synthetic methods that yield enantiomerically pure compounds.
One area of interest in the search for enantiomerically pure 
synthesis is via organosulfur reagents.
4. The Preparation of Optically Activated Sulfoximines
The preparation and chemistry of chiral organosulfur reagents have
received much attention since the early 1960’s.6 Interest in this 
area was intially concerned with the mechanism of nucleophilic
substitution at tri- and tetracoordinate sulfur and, more recently, 
with the exceptional versatility these compounds exhibit, in 
asymmetric reactions. Typical chiral organosulfur compounds are 
sulfinate esters, sulfonium salts, sulfoxides and sulfoximines. All of 
these contain a chiral sulfur atom, which in principle should allow 
them to be resolved into their optically active enantiomers.
Approaches that have been used for the preparation of optically 
activated sulfoximines include:
(a) Direct Classical Resolution of Racemic Sulfoximines via Their Basic 
Nitrogen Site or Other Resolution Handle;
5
For example, the enantiomerically pure (+)-(S)- and (-)-(R)-S-
m ethyl-S-phenyl sulfoxim ine(l) are readily available via the
resolution of racemic (1) with (+) or (-)-lO-camphorsulfonic acid 
(2).7>8,9
Scheme 1.
O
II
P h - S - M e
ii
NH
resolve with (+)-2 OII
P h ^ S ^ M e
ii
NH
racem ic -1 (+MS)-1
From the enantiomerically pure (1) or racemic (1), a variety of N- 
substituted optically active or racemic sulfoximines have been 
prepared. Some examples are illustrated below.
Scheme 2. (+)-(S)-S-methyl-S-phenyl-N-tosylsulfoximine (3)10
O
II
Ph ►S-«Me
II
NH
Pyridine, TosCl ---------------------
O
II
P h ^ S ^ M e
II
NTos
(+MS)-1 (+)-(S)-3
Scheme 3. R a c e m ic -N - t-b u ty  ld ip h e n y  ls i ly  1 -S -m e th y l-S  -
phenylsulfoximine (4)11»12
6
O
II
Ph—  S—-Me
II
NH
racem ic-1
1) imidazole, DMF
2) Cl-SPBuPho
O
Ph— jj>—Me 
NSitBuPh2
racem ic-4
(b) Trapping of “ Nitrenes” with Optically Active Sulfoxides.
Kwart and Kahn13 discovered a method for preparation of N- 
tosylsulfoximine using the copper-catalyzed reaction of a sulfoxide 
and tosylazide. This method was used for the preparation of 
optically active N-substituted sulfoximines from optically active 
sulfoxides without any apparent racemization by Sabol14 a n d  
R ayner15 (Scheme 4).
Scheme 4.
0
II
T s N 3, C u
0
11-------------------------------------
R ^ ' I ^ N T s
r 2
(c) Stereospecific Oxidation of Optically Active Sulfilimines.14
Potassium permanganate effects oxidation of optically active N- 
tosylsulfilimine to its optically active sulfoximine.
7
Scheme 5.
M e^S ^T o l
II
NTs
KMn04 
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O
II
-S ^T o l
II
NTs
(d) Nucleophilic Substitution of Optically Active Sulfonimidoate with 
Organometallic Reagents.16
Scheme 6
O
II
P h O ^S -^P h
NMe
O
MeLi
------------- ► M e ^ ^ P h
NMe
5. Some A p p lications of Sulfoxim ine in A sym m etric  
S y n th e s is .
The applications of sulfoximines in asymmetric synthesis have been 
recently reviewed.17
( i)  D ia s te r e o s e le c t i  ve 1 ,2 -A d d it io n s  o f L ith ia te d  
Sulfoxim ines to Carbonyl Compounds17
Compared with sulfoxides and sulfones much less work has been
devoted to the study of lithium compounds of sulfoximines with
electrophiles. In 1982, Johnson and colleagues18 found that the 
lithiated (+)-(S)-N ,S-dim ethyl-S-phenylsulfoxim ine (5) added to
aldehydes and ketones to yield p - h y d r o x y s u l f o x i m i n e s .
8
Unfortunately the diastereoselectivities of all these reactions were 
not documented (Scheme 7).
Scheme 7.
O
P h * —S-*aCH3 + RCOR'
H
NMe
(+M SM 5)
n-BuLi, THF
O
II
NMe
(6)
R
Ph---- S— C— C— R'
H2
OH
M ore re c e n tly  P y n e 12 has found that a much higher 
diastereoselection could be obtained with N-t-butyldiphenylsilyl-S- 
methyl-S-phenylsulfoximine (4). The lithiated racemic (4) undergoes 
1,2-addition to various aldehydes to give diastereomeric p-hydroxy
sulfoximines (Scheme 8 and Table 1).
Scheme 8
Racemic (4)
1. n-BuLi, THF
2. RCHO
OH
H
•C.
O
■Sy ""P h
NSilBuPh2
(7a)
+
y ""P h
NSitBuPh2
(7b)
9
Table l 12. Reaction of Lithiated Racemic (4) with Aldehydes
R of aldehydes Yield (%) Diastereomeric ratio 
( 7 a ) : ( 7 b )
Et 82 92 : 8
i-Bu 79 96 : 4
i-P r 74 93 : 7
Ph 89 91 : 9
t-Bu 86 94 : 6
H w an g 19 found that treatment of lithiated racemic N-trimethylsilyl- 
S-m ethyl-S-phenylsulfoxim ine(8) with aldehydes furnished 13- 
hydroxy sulfoximines and that the diasteroselectivity was largely 
independent of the size of the aldehyde substituent (Scheme 9 and 
Table 2).
Scheme 9
0
1
Ph---- S-----CH3
NTMS
1. n-BuLi -------------------- ►
2. RCHO, 3. H +
Racemic (8)
OH O
I II
R""yC\ __ / Sv ""P h
H NH
(9a)
+
OH O
sy ""P h
NH
(9b)
10
e 2. Reaction of Lit hiated Racemic (8) with Aldehydes.
R of aldehydes yield (%) ratio of (9a): (9b)
i-Bu 79 2 : 1
i-Pr 80 2 : 1
Ph 8 1 2.8 : 1
t-Bu 91 2.5 : 1
i n
In contrast, Pyne1 reported the diastereomeric ratio was sensitive 
to the size of the N-silyl group. As shown in the Table 3, the use of
larger N-silyl groups enhanced the diastereoselectivity for the 
reaction with lithiated sulfoximines and pivaldehyde.
1 7Table 3 Effect of the N-substituent of sulfoximine on the 
diastereoselection for the reaction of sulfoximine with pivaldehyde.
N-substituent Diastereoselection
Me 74 : 26
SiMe3 71 : 29
SiMe2But 89 : 11
SiMePh2 89 : 11
SiBulPh2 94 6
The preference for the diastereomeric adduct (7a) over (7b) can be 
accounted for by the chair transition state (10a) in which the
11
aldehyde substituent R is pseudo-equatorial. The boat transition 
state (10b) would be expected to be energetically favoured due to 
steric interaction between the oxygen substituent of the sulfoximine 
and the R substituent of the aldehyde. The chair transition state 
(11a) in which R is pseudo-axial would be expected to be 
energetically less favoured than the other chair and boat transition 
states due to a severe 1,3-diaxial like steric interaction between R 
and the NSitBuPh2 group on sulfur.
Since the diastereoselctivity is largely independent of the size the 
aldehyde subtituent R, (Table 1), it is likely that the reaction occurs 
via the competing transition states (10a) and ( l ib )  in which there is 
little steric interaction between R of aldehyde and large substituent 
(NSitBuPh2) on sulfur (Scheme 10).
Scheme 10.
(10a)
*-(7a)-*
^ (7 b )^
H
R
R
NSilBuPh2
(10b)
H
II
NSitBuPh2
(H a ) (H b )
12
In Johnson’s report,18 the reaction of lithiated (+)-(S)-(5) with phenyl 
aryl ketones (PhCOR, R=Me, Et, n-Pr, n-Bu and c -C 6 H n )  gave a 
mixture of two diastereomeric (3-hydroxysulfoximine adducts (see 
Scheme 7). But only the diastereoselection of one of these reactions 
was documented, as shown below.
R of ketones Diastereoselection 
( 7 a ) : ( 7 b )
Yield (%)
1 Et 60 : 40 88
While this diastereoselectivity was modest, the two diastereomeric 
adducts could be readily separated by column chromatography in 
good overall yields. The resulting diastereomerically pure adducts 
could be converted to chiral tertiary alcohols in high enantiomeric 
purity. For example, the higher Rf diastereoisomer (7) (R’-E t , R=Ph) 
from the reaction of lithiated (+)-(S)-(5) and ethyl phenyl ketone 
was converted to enantiomerically pure (+)-(S)-2-pheny-l-2-butanol 
(12) by reductive desulfurization with Raney nickel.18
Scheme 11
P h""l‘
CH
I
-C
Et/
o
,s-.
CH
Raney Ni
P h
NMe
Ph""‘/ C CH3 
Et
(7) (+)-(S)-(12) 
100% ee
13
ii) Applications of (3-Hydroxy Sulfoxim ines t> Asym m etric 
S y n t h e s is 1 7
(3-Hydroxy sulfoximines are thermally labile and r?'/ert to their 
starting carbonyl compound and sulfoximinc upon mild thermolysis. 
This property has been exploited effectively as a method for the 
resolution of racemic chiral cyclic ketones.20 For example, the 
addition of lithiated (+)-(S)-(5) (99%ee) under kinetic: :y controlled 
conditions (-7 8 °C) to racemic menthone give three of the four 
possible diastereomeric adducts. These diastereomeric adducts could 
be readily separated by column chromatography. Ther: lysis of the 
individual two major diasteromeric carbinols (13a) 1 (13b) at
140°C gave D- and L-menthone (14a) and (14b) in high enantiomeric 
purities (90-93%ee)(Scheme 12).
14
Scheme 12
Lithiated (+)-(S)-(5)
1. racemic menthonej 2. separation
50% (13a) 40% (13b) 10% (13c)
Johnson reported20 that the thermolysis of (3-hydroxysulfoxim ines, 
w h ic h  resulted in the production of volatile ketones, was 
accomplished by placing the purified diastereomer without solvent 
in a Kugelrohr apparatus under vacuum. The ketone is then collected 
as it is formed. In this thermolysis process, the O H  proton of p- 
hydroxysulfoximines transfers to the sulfoximine N . Following
proton transfer, reversion to the carbonyl component and the ylide
15
occurs. In this case the ylide could self-quench by tautomerization to 
the sulfoximine (Scheme 13).
Scheme 13
therm olysis
------------------------------------
\
/
G = 0 +
0H .Ph---- S— CH2
1
Me  H
ylide
(+)-(S)-(5)
Some successful examples of the applications of (3 -h y d ro x y
sulfoximines to asymmetric synthesis have been reviewed by 
Pyne.17
Sulfoximines are versatile reagents for diastereoselective and 
asymmetric synthesis. Highly diastereoselective 1,2-additions of 
sterically hindered lithiated sulfoximines to carbonyl compounds can 
now be achieved. The resulting (3-hydroxy sulfoximine adducts can 
be exploited for the resolution of chiral ketones and in the 
asymmetric synthesis of chiral alcohols!7.
1 6
6. Conjugate Addition of Allylic Sulfoximines
In 1979, Johnson21 disclosed the synthesis of the first reported 
allylic sulfoximine (15).
O
NMe
S-allyl-N-methyl-S-phenylsulfoximine (15)
♦ 9 9In 1991, G ais reported the regioselective isomerization of the 
alkenyl sulfoximine (16) by treatment of (16) first with LiOMe and 
then with water to give enantiomerically pure allylic sulfoximine 
(17) in high yield (Scheme 14).
Scheme 14
OSitBuM e2 OSitBuMe2
(16) 97% (17)
1 7
In the same year, Harm ata23 reported  that N -pheny l-S -(4 - 
m e th y lp h e n y l)-su lfo x im id o y l ch lo rid e  (18) re ac ts  w ith 
allyltrimethylsilane in the presence of aluminium chloride to give a 
sm a ll am o u n t o f ra c e m ic  S -a lly  1 -N -p h e n y l-S -(4 -  
methylphenyl)sulfoximine (19). On the another hand, (18) reacts 
with allyltributyltin to give mainly (19) (Scheme 15).
Scheme 15
NPh
( 18)
CH2C12, -78 °C 
-X NPh
(19)
X=TMS 27%
X=SnBu3 77%
In 1992, R eggelin24 introduced an effective approach to 
enantiom erically pure allylic sulfoximines (22) and (23) via 
nucleophilic substitution of the new cyclic sulfonimidates (20) and 
(21) with Grignard or organolithium reagents in high yield (Scheme 
16).
Scheme 16
1 8
O
OSiMe3
1. t-BuOCl
2. KF, 18-crown-6
3. separation
(20 ) +
O
(2 1 )
Li
f 2 equiv. 
O
y 2 equiv.
O
II
19
Recently, Pyne25 reported for the first time the amination of racemic 
allyl phenyl sulfoxide with O-mesitylsulfonylhydroxylamine (MSH), 
using a modification of the procedure described by Johnson2^, to give 
racemic allyl phenyl sulfoximine (24). Although the yield of (24) was 
poor, it could be readily obtained pure by a simple acid extraction 
purification procedure (Scheme 17).
Scheme 17
Me 
O V =
+ H . N O - S - ^
o
Me1 . c h 2c i2 1VAe
2. NaOH
Me
O
II
29% (24)
P yne25 has also prepared the racemic S-allyl-N-t-butyldiphenylsilyl- 
S -phenylsulfoxim ine (25) by sily la tion  of (24) with t- 
butyldiphenylchlorosilane in high yield (Scheme 18).
Scheme 18
O
II imidazole 
^  Ph + Cl-S^BuPh, p)MF
NH •
O
II
! ^ Ph
NSilBuPh2
(24) 88% (25)
Gais, Harmata and Pyne found that allylic sulfoximines (17), (19), 
(24) and (25) are quite stable to thermolysis in refluxing toluene 
solution at 110°C for 12 or 20 hours. No evidence was found for C-S 
bond heterolysis or rearrangement.22’23’25
Allylic sulfoximine (17) undergoes Sn 2 or Sn 2’ like displacement 
reactions with organocopper reagents to give a -((26), (27) and (28)) 
or y-substitution (29) products (Scheme 19 and Table 4).22
Scheme 19
20
OSitBuMe2
(29)
21
i
Table 4 The Reactions of (17) with Organocopper Reagents
Organocopper reagent R Yield (%)
LiCuR2 -(CH2)4OCH(Me)OEt (26) 97%, (29) <0.5%
CuR -(CH2)4OCH(Me)OEt (29) 86%, (26) 2%
ClMgCuR2 -CH2OCH2Ph (28) 20%
CuR -CH2OCH2Ph (28) 98%
Lithiated allylic sulfoximine (19) underwent 1,2-addition reaction 
with aldehydes to give mainly 1,2-adducts (30). However, the 
diastereoselectivities of these reactions were not reported. The 
reaction of lithiated (19) with Michael acceptors, 2-cyclopentenone 
and 2-cyclohexenone, gave a "complicated reaction mixture" in which 
the 1,4-a adducts (30) were slightly favoured over the 1,4-y adducts 
(31) (Scheme 20 and Table 5).23 
Scheme 20
NPh
(31)
22
Table 5. The reactions of lithiated (19) with carbonyl compounds
E+ Yield (%) (30) : (31)
PhCHO 7 9 5.3 : 1
t-BuCHO 63 100 : 1
Cyclopentenone 81 1.4 : 1
Cyclohexenone 81 1.5 : 1
In Pyne’s report,25 the conjugate addition reactions of lithiated (25) 
with cyclic and acyclic Michael acceptors gave mainly 1,4-y and 1,4-a 
adducts respectively in THF and 1,4-a and 1,4-y adducts in 
HMPA/THF. The reaction of lithiated (25) with benzaldehyde gave 
only 1,2-a adducts in THF, and 1,2-a and 1,2-y adducts were isolated 
when HMPA/THF was employed as solvent. Benzophenone gave 
only the 1,2-y adduct (Scheme 21 and Table 6).
23
Scheme 21
1,2-y (36)
Oii
- S - P h
NSi‘BuPh2
M.A. = Michael acceptor
24
Table 6.25 Reaction of Lithiated (25) with Michael Acceptors and
Electrophile Additive Products (yield(%), 
diastereomeric ratio)
2-Cyclopentenone - 32(81, 97:3), 
33(14, 58:25:13:4)
2-Cyclopentenone HMPA 33(49, 56:25:11:8)
2-Cyclohexenone 32(65, 91 ;9), 
33(12, 65:20:9:6)
2-Cyclohexenone HMPA 33(48, 31:27:27:15)
Chalcone “ 33(73, 79:21) 
32(18, 92:8)
Chalcone HMPA 32(53, 70:30), 
33(37, 64:36)
Benzaldehyde - 34(52, 61:39)
Benzaldehyde HMPA 34(61, 52:48) 
35(26, 94:6)
Benzophenone - 36(85)
Allyl aryl sulfoximines should be configurationally stable at normal 
laboratory temperatures. Highly diastereoselective 1,4-additions of 
lithiated allylic sulfoximines to Michael acceptors can be achieved. 
Allylic sulfoximines are potential reagents for diastereoselective and 
asymmetric synthesis.
25
Chapter 2 Asymmetric Synthesis of Chiral
Alcohols and Chiral Ketones from (+)-
(S ) -N - t e r t - B u t y ld ip h e n y l s i ly l - S -  
Methyl-S-Phenylsulfoximine (1).
The aim of this part of the project was to prepare enantiomerically 
pure sulfoximine ( 1) and examine its potential for the asymmetric 
synthesis of tertiary alcohols and chiral ketones.
1. P reparation  of (+)-(S)-N -i*?ri-b  u t y l d i p h e n y l s i l y  1-S - 
m ethyl- S -p h en y lsu lfox im in e
( + ) - (S )-N -i£ r i-b u ty ld ip h e n y ls ily l-S -p h e n y lsu lfo x im in e (l)  was 
prepared for the first time in this study via the four step synthetic 
pathway shown in Scheme 1.
Scheme 1
oKI04 , 0 C, lh
MeSPh -------------------- ►
R.T. O/N
O
II
Ph— S -M e
NaN'
Con. H 2S 0 4
O
II
Ph—S -M eII
NH
(1) 94% (5) 46%
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The classical preparation of methyl phenyl sulfoxide (3) from 
methyl sulfide (2 ) is by oxidation with sodium periodate. 2  7  
Following by a procedure of extraction, removing the solvent and 
purification by column chromatography (3) can be obtained in 90% 
yield. In our work, the preparation of (3) was from the oxidation of
(2) with potassium periodate instead of sodium periodate. It could 
be obtained in 1 0 0 % yield without the formation of side products 
and could be purified by a simple extraction purification procedure. 
To our knowledege this is the first synthesis of (3) by oxidation of 
(2) with potassium  periodate. Racem ic S -m ethyl-S -
phenylsulfoximine (4) was synthesised from (3) by the use of 
sodium azide and concentrated sulfuric acid1 0 »2 8  in high yield (95%). 
The enantiom eric pure version of (+ )-(S )-S -m eth yl-S -
phenylsulfoximine (5) was readily available via resolution of 
racemic (4) with commercially available (+)-(S)-10-camphorsulfonic 
acid8 (6 ). In this work, the (+)-(S)-(5) was obtained in 46% yield and 
in 98% enantiomeric purity. ([cx]d 2 5  35.6 (c 1.31, acetone) (lit8. [oc]d
36.5, c 1.2, acetone).
The sulfoximine (5) was subjected to N-silylation with tert- 
butylchlorodiphenylsilane and imidazole in dimethylformamide 
(DM F)11’12,29 t0 gave (i) \n 94% yield after purification by column 
chromatography on silican gel, [oc]d2  ̂ 6.1 (c 1.50, acetone).
2. Asymmetric Synthesis of P - H y d r o x y s u l f o x i m i n e s
A. The Reaction of Acyclic Ketones with Sulfoximine(l)
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We first examined the reaction of lithiated (+)-(S)-N - tert-  
butyldiphenylsilyl-S-m ethyl-S-phenylsulfoxim ine (1) with ethyl 
methyl ketone (7a) as outlined in Scheme 2.
Scheme 2
O
II
P h ^ - S — Me
NSitBuPh2
( 1 )
n-BuLi/THF 
0°C, 20min.
O
II
P h ^ S -* C H 2Li 
ii z
NSitBuPh2 
Lithiated (1)
O
g^unPh
V t
NSitBuPh2
(2S,SS) 80% (2R,SS) 20%
(+)-(S)-(l) was first treated with n-butyllithium (1.3 equiv.) in 
tetrahydrofuran (THF) at 0°C for 20 min. The solution was then 
cooled to -78°C and then treated with ethyl methyl ketone (EtCOMe) 
for a period of 40min. The reaction was quenched with 10% aqueous 
ammonium chloride at -78°C. The yield after purification by column 
chrom atography was 69% (Table 1, entry 1). The 
diastereoselectivity of this reaction was found to be approximately 
80:20 (Table 1) as measured by integration of the *H NMR spectrum 
(400 MHz) of the crude reaction mixture (Figure 1).
Three other methyl ketones (RCOCH3 ), methyl isopropyl ketone, 
methyl phenyl ketone and tert-butyl methyl ketone were reacted
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with lithiated (1) under the same conditions. The yields of isolated 
adducts (8 ) and the diastereoselectivities of these reactions are 
reported in Table 1. These adducts were isolated as a mixture of 
diastereoisomers. As can be seen in Table 1, we found that the 
diastereoselection of these reactions increases as the steric bulk of 
the R group of the ketone increases. In contrast to our work with 
ketones, Hwang1 9  reported that the 1,2-addition of lithiated N- 
trim ethylsilyl-S-m ethyl-S-phenylsulfoxim ine to aldehydes was 
insensitive to the steric bulk of the aldehyde substituent R (Table 2 
in the Introduction).
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Figure 1 Iff  NMR (CDCI3 ) of the crude reation mixture from the 
reaction (7a) and (1)
¿9e*e
9 9 T T
52C*E-----
E S E * C -------
6 S E - E — r
91E*E-----
©— ©
n
©
n
LH
n
© — OJ
©n
n
in
Tn
©_ inr>
in — m
n
30
Table 1. The reaction of lithiated (1) with RCOMe.
O
II
P h ^ S ^ C H 2Lili z
NSitBuPh2
Lithiated (1)
1. RCOMe, 40 Min.
2. 10% NH £1
n.,»rtV\\ P h
v
NSi‘BuPh2
OH
+ M e /iv p
R
O
L.v«Ph
V
NSitBuPh2
Major of (8) Minor of (8)
Entry R of 
ketone
Yield (%) Diastereoselective 
ratio (majoriminor)
1 Et(7a) 69 (8a) 80 : 20
2 i-P r(7b) 43 (8b) 79 : 21
3 Ph(7c) 65 (8c) 91 : 9
4 t-Bu(7d) 63* (8d) 98 : 2
* After recrystallization of the crude reaction mixture.
In the case of methyl phenyl ketone and tert-butyl methyl ketone it 
was possible to isolate the two diastereoisomers by recrystallization 
from ethyl acetate/hexane. The lH NMR of the purified adduct (8c) 
(Figure 2) shows only the major diastereomer with two doublets for 
the protons next to sulfur at 3.775ppm and 3.567ppm for the 
reaction of (1) and methyl phenyl ketone. For the reaction of (1) and
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t e r t -butyl methyl ketone the major diastereomer was also isolated 
diastereomerically pure and its 1H NMR spectrum showed two 
doublets for the protons of (8 d) next to sulfur at 3.377ppm and 
3.311ppm (Figure 3).
The stereochemistry of the major diastereomeric adducts (8 c) and 
(8 d) was determined by a single crystal X-ray structural analysis 
(Figure 6,7). These X-ray structures showed that both (8 c) and (8 d) 
have the same 2S,SS relative stereochemistry. From a comparison 
of the Iff NMR spectra of the major diastereomeric products from 
the reaction of ethyl methyl ketone and methyl isopropyl ketone 
with that of (8 c) and (8 d) we assume they also have the 2 S , S S 
relative stereochemistry (Table 2).
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Figure (2). Ih NMR (CDCI3) of the purified (8c)
S 8 S ' C
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Figure (3).1h  NMR (CDCI3) of the purified (8d)
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Figure (4) X-ray structure of (8c)
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Figure (5) X-ray structure of (8 d)
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Table 2. *H NMR Chemical Shifts for the Diastereotopic H -l- 
protons for Adducts (8).__________________________________________
Entry Adduct Chemical shifts of 
major (ppm)(J)
Chemical shifts of 
minor (ppm)(J)
1 (8 a) 3.35d, 3.17d(14 Hz) 3.38d, 3.08d(13.6Hz)
2 ( 8 b) 3.33d, 3.26d(14 Hz) 3.36d, 3.09d(14Hz)
3 (8 c) 3.78d, 3.57d(14.4Hz) 3.79d, 3.35d(17.9Hz)
4 ( 8 d) 3.38d, 3.31d(14Hz) 3.41d, 3.09d(13.6Hz)
The stereochemical outcome can be readily rationalized by invoking 
the two competing boat transition states (9a) and (9b). The 
difference in free energy between (9a) and (9b) and hence the 
diastereoselectivity, would be expected to increase as the steric 
demand of the R group of the ketone increase due to an increasing 
flagpole interaction between R and the sulfoximine oxygen in (9b).
Me R
(9 a)
/^-NSi'BuPho
-----------
\
Ph
(9 b)
B. The Reaction of Cyclic Ketones with Sulfoxim ine(l).
Some analogous reactions of sulfoximine (1) with racemic cyclic 
chiral ketones were also examined (Table 3). In general, the 
diastereoselectivities were poor. Three of the four possible 
diastereomeric adducts of (8e) and (8f) were evident from NMR
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analysis (Figure 6 ). The adduct of (8 g) was a mixture of two 
diasteroisomers (Table 3 and Figure 7). Attempts to effect kinetic 
resolution of 2 -t-butylcyclohexanone by reacting lithiated ( 1 ) and 
the ketone in a ratio of 1:2 were unsuccessful. The 
diastereoselectivity of this reaction was identical to that obtained 
when these reagents were mixed in a 1 : 1  molar ratio.
Table 3. The Reactions of Lithiated (1) with Racemic Cyclic Chiral 
cetones:
Entry Cyclic ketone Yield(%) Diastereoselection
1 2 -methylcyclohexanone (8e)54* 56 : 34 : 10
2 2 -t-butylcyclohexanone (8f)91** 64 : 24 : 10
3 norcamphor (8g)50* 50 : 50
* Yield after recrystallization from crude reaction mixture.
** Yield after purification by column chromatography on silica gel.
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Figure 6 lH NMR (CDCI3) of crude product from reaction (8e) and
( 1 )
Figure 7.1H NMR (CDC13) of crude product from reaction (8g) and
( 1 )
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The major diastereoisomer of (8 e) and (8 f) could be isolated the 
product in more than 95%d.r. after three recrystallisations from 
ethyl acetate/hexane. The NMR of the purified adduct of (8 e) 
show two doublets for the protons next to sulfur at 3.505 ppm and 
3.248ppm (Figure 8 ) and at 3.883ppm and 3.350ppm for (8 f) 
(Figure 9). The X-ray structure (Figure 12 and 13) of (8 e) and (8 f) 
showed that these major adducts have the 2 S , S S  relative 
stereochemistry. The major diastereomeric products (8 e) and (8 f) 
both arise from equatorial attack of lithiated ( 1 ) on the 2 - 
alkylcyclohexanone. Equatorial attack on these substrates by 
nucleophiles has been previously reported . 3 0  While the 
stereochemistry of the two adducts that arise from the addition of 
lithiated ( 1 ) to norcamphor is not known, we assume they arise 
from the attack of ( 1 ) from the exo face of the ketone. 3 0
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Figure 8 If î NMR (CDC13) of the major prodct of (8e)
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Figure 9 I h  NMR (CDC13) of the major product of (8 f)
43
Figure 10 X-ray structure of the major product of (8 e)
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Figure 11 X-ray structure of the major product of (8f)
O
sp
ze
m
n
45
3. Resolution of Racemic Chiral Cyclic Ketones
Ketones are key substances in organic synthesis and represent an 
important class of biologically interesting molecules. In order to 
obtain optical active 2 -methyl and 2 -im -butylcyclohexanone, we 
have examined the thermolysis of (8 e) and (8 f).
D istilla tio n  of the d iastereom erica lly  enriched p - 
hydroxysulfoximines (8 e) (d.r. 98:2) and (8 f) (d.r. 96:4) at
approximately 140°C under vacuum for 2 0  min. gave the optically 
active starting 2-alky Icy clohexanones (Table 4).
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Table 4. The resolution of racemic chiral cyclic ketones
1. racemic ketone
Lithiated (+)-(S)-(l) ---------------------------
2. 10% NH4C1
R
Mixture of three diastereoisomers
recrystallization
w
diastereoisomer (9)
O
II
=Ph*-S-*CH 2
II
NSitBuPh2
H
R= Me (8e), 98% d.r.
R= t-butyl (8f), 96% d.r.
Entry R of Ketone Rotation [cx]d (con., temp., sol)
1 methyl (9e) -15.4* (0.15, 28°C, MeOH)
2 t-butyl (9f) -34.2** (0.985, 230C, MeOH)
*Lit31. [<x]D +14 (c, 0.23, MeOH)
**Lit2l. [a]D -35.3 (c, 1.00, 24.5<>C, MeOH).
The optical rotation of the ketones that were formed should reflect 
the optical purity of starting p-hydroxysulfoximine. Compared with 
the optical rotation reported in the literature2 ! for 2-tert-  
butylcyclohexanone, the optical purity of our sample is 
approximateiy 97%. This enantiomeric purity is almost identical to
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the enantiomeric purity of the starting sulfoximine (1). This result 
suggests that the minor diastereomeric impurity in (8 f) also has the 
2S configuration. Based on the reported optical rotation of 2- 
m ethylcyclohexanone31, the optical purity of our sample should be 
100% (Figure 8 ).
To further determine the optical purity of ( - ) - 2 - t e r t - b u t y  1 - 
cyclohexanone (9f), NMR studies of Mosher’s ester
derivatives3 2 ’ 3 3  were carried out. The method is illustrated by the 
formation of the diastereomeric 2-ieri-butylcyclohexanol MTPA 
esters (Il f)  via reaction of (-)-2 -im-butylcyclohexanol (lOf) with 
an excess of (R )-(+)-a-m ethoxy-a-(trifluorom ethyl)-phenylacetyl 
chloride (MTPAC) (12) (Scheme 3).
Firstly, we undertook the reduction of our enantiomerically 
enriched (-)(9f) with LiAlH4  to give (-)2-ieri-butylcyclohexanol 
(lOf) in 92% yield ([oc]d 2 4  -8 .8 , c, 0.55 DCM) as a mixture (56 : 44) of 
cis and trans isomers. Treatment of this mixture with 2 equiv. of
(12) in dichloromethane (DCM) and a small amount of pyridine and 
4-dimethylaminopyridine at room temperature for 1 0  days 
afforded the MTPA esters (Ilf).  Similar treatment of racemic 2- 
im-butylcyclohexanol (10 f )  with (12) provided MTPA ester ( I l f ’) 
as a mixture of four diastereoisomers. Figure 12 and Figure 13 show 
the lH  NMR spectra of (I l f )  and ( I l f ’) of the crude reaction 
mixtures from the reactions of (12) with (lOf) and (lOf). From 
Figure 13, the NMR of ( I l f )  shows two equally intense 
multiplets for diastereomeric H 2  protons at 4.964 ppm and 4.91 
ppm. From Figure 12, the NMR of (Ilf) shows that the H2  signal
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at 4.964 ppm is very small. The integrations indicate that ( I lf )  is 
96% optically pure, which implies that (lOf) and (9f) are likewise 
96% optically pure. This result is in accord with the optical rotation 
of (9f).
Scheme 3.
enantiom erically  
enriched or racemic (9 )
diastereom eric 
mixture ( 10)
MTPAC(12), 
pyridine & 4- 
dim ethylam inopyridine, 
DCM, 10 days
diastereom eric 
mixture ( 11)
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In summary, we have shown that sulfoximine (1) can be obtained in 
high enantiomeric purity and that it reacts with methyl alkyl 
ketones to give carbinol products in which the major diastereomeric 
adducts have the 2S, SS stereochemistry. Lithiated ( 1 ) can also be 
used to resolve 2 -alkylcyclohexanones.
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Experimental  
General Methods
(a) Melting Points (m.p.)
Melting points were determined on a Reichert hot stage apparatus 
and are uncorrected.
(b) Infrared (IR) Spectra
Infrared spectra were recorded on a Bio Rad Fourier Transform
Infrared Spectrophotometer model FTS-7 as mulls in nujol unless 
otherwise stated.
(c) iH Nuclear Magnetic Resonance (NMR) Spectra
iH NMR spectra were recorded on a JEOL FX 90Q Fourier
Transform NMR Spectrometer operating at 90 MHz, or a Varian 
Unity 400 Fourier Tranform NMR Spectrometer operating at 400 
MHz. The spectra were measured in CDCI3 unless otherwise stated, 
relative to tetramethylsilane (0.00 ppm). Each signal is described 
in terms of chemical shifts in ppm from tetramethylsilane,
multiplicity, coupling constant (Hz), intensity and assignments in 
that order with the use of the following abbreviations: s, singlet; d 
doublet; t, triplet; q, quartet; and m, multiples
(d) 13 C Nuclear Magnetic Resonance (NMR) Spectra
13c NMR spectra were recorded on a JEOL FX 90Q Fourier
Transform NMR Spectrometer or a Varian Unity 400 Fourier 
Transform NMR Spectrometer. The spectra were measured in 
CDCI3 unless otherwise stated, relative to CDCI3 (77.0 ppm).
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(e) Mass Spectra (MS)
Low Resolution Mass were recorded on a Vacuum Generator VG 
Quattro triple quadrupole mass spectrometer or on a Vacuum 
General Micromass 7070F magnetic sector mass spectrometer by 
University of Tasmania Central Science Laboratory at Hobart.
(f) Microanalysis
Microanalysis were performed by the Australian National 
University Services Unit Canberra or the Queensland University 
Chemistry Department Queensland.
(g) Column Chromatography
The chromatography adsorbent used was silica gel (0.063-0.2 mm, 
Merce) unless otherwise indicated.
(h) X-ray structures were determined at the University of 
Western Australia by Professor Allan White.
(i) Optical Rotation
Optical rotations were recorded with a Perkin-Elmer 141 
Polarimeter.
54
S-Methyl-S-phenylsulfoxide (3)
To a solution of S-methyl-S-phenylsulfide (2 ) (18.6g, 0.15 mol) in 
methanol (312 ml) was added dropwise 34.5g (0.15 mol) of 
potassium periodate in water (325 ml) at 0°C. The reaction 
mixture was stirred for 1 hr at 0°C and then at room temperature 
(R.T.), overnight. The mixture was filtered and the solids were 
washed with methanol (80 ml). The methanol filtrate was 
evaporated and then extracted with dichloromethane (DCM) (3x40 
ml). The DCM layer was dried (MgSCH) and evaporated to give 
pure (3) 21g (100%) as an oil. JH NMR (90 MHz) 5 7.55-7.41, m, 
5H; 2.73, s, 3H.
S-Methyl-S-phenylsulfoximine (4)
To a solution of (3) (20.9g, 0.15 mol) and sodium azide (12.6 g, 
0.194 mol) in chloroform (139 ml) at 0°C was slowly added 
concentrated sulfuric acid (40 ml) and the solution was warmed to 
40-45°C and stirred overnight. The reaction mixture was cooled 
and ice water (400 ml) was added and was then extracted with 
DCM (2x50 ml). The aqueous layer was made slightly basic with 
20% sodium hydroxide and then extracted with DCM (3x50 ml). 
The DCM was then dried (MgSC>4 ), evaporated and the crude 
product was purified by column chromatography on silica gel in 
30% ethyl acetate/hexane to give pure (4) 22.05g (95%) as oil. lH
NMR (90 MHz) 8  8.01-7.3, m, 5H; 3.11, s, 3H; 2.70, s ,1H.
(+)-(S)-S-Methyl-S-phenylsul foximine (5)
A boiling solution of (+)-10-camphorsulfonic acid (18g, 0.077 mol) 
in 114 ml of dry acetone was carefully added to a boiling solution 
of (4) (11.82g, 0.077 mol) in dry acetone (226 ml). The mixture 
was concentrated to a volume of 300 ml and allowed to cool
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slowly to R.T. After 24 hr the crystals were filtered and washed 
with acetone and then ether. The crystals were dissolved in water 
and the solution was made slightly alkaline with 2 0 % sodium 
hydroxide. The (5) was extracted from aqueous solution with DCM, 
dried (M gS04) and evaporated to yield 5.39g (46%) of (5) as a 
colorless oil. [a]25D +35.6 (c, 1.3, acetone) (lit8. [ oc] d  36.5, (c, 1.2, 
acetone)). ! h  NMR (90 MHz) 8  8.05-7.94, m, 2H; 7.61-7.21, m, 3H; 
5.26, s, 1H; 3.09, s, 3H.
( + )- (S )-N-ferf -Buty I d ip h en y l s i l y l -S  -methyl-  S - p h e n y l - 
sulfoximine (1)
To a solution of (5) (2.82g, 0.018 mol) and imidazole (3.1g, 0.045 
mol) in 12 ml of dry DMF at 0° C was added t e r t -  
butylchlorodiphenylsilane (5g, 0.018 mol, 4.73 ml). The reaction 
mixture was warmed to R.T. and stirred overnight. Water (10 ml) 
was added and the mixture was stirred for another 30 min 
following which the solution was extracted with DCM. The DCM 
was dried (M gS04) and evaporated. The crude product was 
purified by column chromatography on silica gel in 2 % ethyl 
acetate/hexane to yield 6.74g (94%) as an oil. [cx] 2 6 d  6.1 (c, 1.50, 
acetone). ! h  NMR 8  7.93-7.71, m, 6 H; 7.55-7.20, m, 9H; 2.85, S, 3H;
1.09, S, 9H. 13c NMR 8  135.51, 132.0, 128.91, 128.75, 127.32, 
126.84, 48.96, 27.13, 19.32. MS (Cl positive) 394 (M+H, 20%), 339 
(100%), 316 (100%), 256 (20%), 199 (37%).
2-M ethy l  -1- (N - t e r t - b u t y l d i p h e n y l s i l y l - S - p h e n y l -  
sulfonimidoyl)-2-butanol  (8a)
To a solution of (+)-(S)-N-r-butyldiphenylsilyl-S-methyl-S-phenyl 
sulfoximine (0.4g, 1 mmol) in 3 ml of dry THF was added 1.25 
equiv of n-butyllithium (1.25 mmol, 0.78 ml 1.6M in hexane) at
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0°C. The reaction mixture was stirred for 20 minutes and then 
cooled to -78°C. To this solution was added ethyl methyl ketone 
(0.094g, 1.3 mmol, 0.12 ml) and the mixture was stirred for 40 
minutes. The reaction was quenched with 5ml of 10% NH4 CI at 
-78°C and extracted with dichloromethane (2x30ml). The organic 
layer was dried with MgSC>4 and evaporated. The crude product 
was purified by column chromatography on silica gel using 1 0 % 
ethyl acetate/hexane to give (8 a) in 69% yield. This product was 
then recrystallized from hexane as white solid, m.p. 86.5-87°C 
(Found: C, 69.49; H, 7.53; N, 3.24. requires C 27H 35N 0 2SSi: C, 69.63;
H, 7.57; N, 3.01%). *H NMR (400 MHz) (major) 5 7.70-7.61, m, 4H; 
7.55-7.50, m, 2H; 7.37-7.29, m, 4H; 7.24-7.21, m, 3H; 7.16-7.12, m, 
2H; 3.35, d, J 14 Hz, 1H; 3.17, d, J 14 Hz, 1H; 1.93, q, J 7.2 Hz, 2H;
I. 21, s, 3H; 1.08, s, 9H; 0.93, t, J 7.2 Hz, 3H. (minor) 3.375, d, J 13.6 
Hz; 3.075, d, J 13.6 Hz. NMR (90 MHz) 5 144.2, 135.7, 135.6,
135.3, 134.9, 131.9, 128.9, 128.8, 128.5, 127.3, 127.0, 73.0, 67.1,
34.3, 27.1, 26.8, 19.2, 8,04. vmax (film) 3382.4s, 3030s, 2969s, 
2858.3m, 1959w, 1426.5m, 1258.4s, 1148.9s cm-1. MS (FAB, 
positive) m/z 466 (M+H, 30%), 408 (20%), 378 (10%), 338 (80%), 
304 (30%), 244 (45%), 229 (50%), 213 (70%), 199 (100%), 167 
(60%), 135 (100%). [cx]22d 79 (c, 0.63, CHCI3 .).
2 ,3 - D i m e t h y l  - 1 - (N-fer f -buty  l d i p h e n y l s i l y l - S - p h e n y l -  
sulfonimidoyl)-2-butanol  (8b)
The title compound was prepared by the method described for the 
synthesis of (8 a) except that methyl isopropyl ketone was used 
instead of ethyl methyl ketone and gave (8 b) in 43% yield as a 
white solid, m.p. 83-84° (Found: C, 70.25; H, 7.62; N, 2.84. 
C2 8H3 7N 0 2SSi requires C, 70.10; H, 7.77; N, 2.92%). *H NMR (400 
MHz) 5 7.67-7.61, m, 4H; 7.52-7.50, m, 2H; 7.35-7.29, m, 4H; 7.24-
57
7.20, m, 3H; 7.14-7.12, m, 2H. 3.33, d, J 14 Hz, 1H; 3.26, d, J 14 Hz, 
1H; 2.43, m, 1H; 1.12, s, 3H; 1.08, s, 9H; 0.985, d, J 6 . 8  Hz, 3H;
0.918, d, J 6 . 8  Hz, 3H; (minor) 3.360, d, J 13.6 Hz; 3.091, d, J 14 Hz. 
13C NMR (90MHz) 5 144.5, 135.8, 135.7, 135.4, 135.0, 132.0 129.1,
128.9, 126.6, 127.4, 127.1, 75.4, 66.0, 36.9, 27.2, 22.6, 19.3, 18.2,
16.5. v max (film) 3357.7s, 3030.2s, 2964s, 2858m, 1426.7m, 
1257.9s, 1148.3s. MS (FAB, positive) m/z 480(M+H, 15%), 466 
(10%), 378 (10%), 338 (50%), 244 (65%), 229 (65%), 312 (70%), 
199 (100%), 167 (80%). [<x]D22 69.1, (c, 0.776, CHCI3 ).
2 - P h e n y l - l - ( N - i c r i - b u t y l d i p h e n y l s i l y I - S - p h e n y l -  
sul fonimidoyl)-2-propanol  (8c)
The title compound was prepared by the method described for the 
synthesis of (8 a) except that methyl phenyl ketone was used 
instead of ethyl methyl ketone and gave (8 c) in 65% yield as white 
crystals, m.p. 102-103° (Found: C, 72.10; H, 7.27; N, 2.55. 
C 3 iH 3 5 N 0 2SSi requires C, 72.47; H, 6.87; N, 2.73%). lH  NMR 
(400MHz) 5 7.62-7.60, m, 2H; 7.43-7.41, m, 2H; 7.36-7.23, m, 9H;
7.16-7.14, m, 5H; 7.07, m, 2H; 3.78, d, J 14.4 Hz, 1H; 3.57, d, J 14.4 
Hz, 1H; 1.45, s, 3H; 1.03, s, 9H. (minor) 3.79, d, J 17.2 Hz; 3.35, d, J
17.2 Hz. 13C NMR (90 MHz) 8  144.7, 143.7, 135.7, 131.6, 129.0,
128.9, 128.3, 128.0, 127.4, 127.2, 127.0, 126.7, 125.0, 73.4, 69.3,
32.3, 27.1, 19.2. vmax (film) 3448.7s, 3323.2m, 3068s, 2959s, 
2857s, 1958.2m, 1426m, 1263.7s, 1108.7s cm-'. MS (FAB,
positive) m/z 514 (M+H, 5%), 461 (5%) 369 (30%), 277 (10%), 211 
(100%), 192 (100%), 115 (100%). [a] D 23 36.8 (c, 0.741, CHCI3 ).
2 , 3 , 3 - T r i m e t h y l -  1 - (N-ie  r i - b u t y l d i p h e n y l s i l y l - S - p h e n y l -  
sulfonimidoyl)-2-butanol  (8d)
The title compound was prepared by the method described for the
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synthesis of (8 a) except that butyl methyl ketone was used 
instead of ethyl methyl ketone and purified by recrystallization of 
the crude product from hexane to give (8 d) in 63% yield as white 
crystals, m.p. 128-130°C (Found: C, 70.29; H, 8.09; N, 2.78. 
C 2 9 H 3 9 N 0 2 SSi requires C, 70.54; H, 7.96; N, 2.84%). >H NMR 
(400MHz) 8  7.74-7.69, m, 4H; 7.62-7.60, m, 2H; 7.43-7.19, m, 9H; 
3.38, d, J 14 Hz, 1H; 3.31, d, J 14 Hz, 1H; 1.28, s, 3H; 1.08, s, 9H; 
0,84, s, 9H. (minor) 3.41, d, J 13.6 Hz; 3.09, d, J 13.6 Hz. NMR 
(90 MHz) 8  144.5, 135.7, 131.9, 129.0, 128.9, 128.6, 127.4, 127.2,
127.1, 75.2, 65.7, 38.7, 27.3, 24.7, 22.4, 19.4. vmax (film) 3378.4s, 
3069.7s, 2960.s 2858.3s, 1959.7w, 1473.4s, 1274.2s, 1156.6s, 
1106.7m cm-1. MS (FAB, positive) m/z 494 (M+H, 5%), 461 (5%), 
211 (100%), 137 (100%). [a] D 2 2  49.4 (c, 0.9, CHC13)
2 '-M e th y l- l- (N - fe r i-b u ty ld ip h e n y ls i ly l-S -p h e n y l-  
su lfonim idoylm ethy l ) - 2 -cyclohexanol (8 e)
The title compound was prepared by the method described for the 
synthesis of (8 d) except that 2 -methylcyclohexanone was used 
instead of methyl phenyl ketone and gave (8 e) in 54% yield as 
white crystals, m.p. 140-141° (Found: C, 71.55; H, 8.08; N, 2.74. 
C3oH39N0 2 SSi requires C, 71.24; H, 7,77; N, 2.77%). >H NMR ( 8  7.69­
7.64, m, 4H; 7.57-7.55, m, 2H; 7.40-7.22, m, 7H; 7.16, m, 2H; 3.51, 
d, J 14 Hz, 1H, 3.25, d, J 14 Hz, 1H; 2.16-2.08, m, 1H; 1.86-1.14, m, 
9H; 1.07, s, 9H; 0.92, d, J 6 . 8  Hz, 3H. (minor 1) (34%) 3.42, d, J 14 
Hz; 3.14, d, J 14 Hz; (minor 2) (10%) 3.55, d, J 13.6 Hz; 2.96, d, J 
13.6 Hz. 13C NMR (90 MHz) 8  135.7, 131.9, 129.0, 128.9, 128.6,
127.4, 127.1, 127.0, 73.4, 67.6, 39.2, 36.4, 30.2, 27.3, 23.8, 21.7,
19.4, 14.8. vmax (film) 3485s, 3363s, 3030.2s, 2933s, 2858.6s, 
1959.4w, 1426m, 1258.6s, 1139s cm-1. MS (FAB, positive) m/z
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506, (M+H, 10%), 452 (10%), 302 (15%), 211 (90%), 199 (100%), 
167 (100%). [a]D22 56.6 (c, 1.163, CHCI3 ).
2 ' - i e r i - B u t y l - l - ( N - t e r / - b u t y l d i p h e n y l s i l y l - S - p h e n y l -  
su l fonimidoylmethyl) -2-cyclohexanol  (8f)
The title compound was prepared by the method described for the 
synthesis of (8 a) except that 2 -f-butyl-cyclohexanone was used 
instead of ethyl methyl ketone and gave (8 f) in 91% yield as white 
crystals, m.p. 124-125° (Found: C, 72.46; H, 8.30; N, 2.88. 
C33H46N02SSi requires C, 72.21; H, 8.45; N, 2.55%). !H NMR (400 
MHz) 8  7.71-7.63, m, 4H; 7.59-7.57, m, 2H; 7.38-7.23, m, 6 H; 7.21­
7.15, m, 3H; 3.88, d, J 14 Hz, 1H; 3.35, d, J 14 Hz, 1H; 2.34-2.26, m, 
1H; 1.78-1.12, m, 8 H; 1.07, s, 9H; 0.996, s, 9H. (minor 1) (24%)
4.02, d, J 13.6 Hz; 3.11, d, J 13.6 Hz; (minor 2) (12%) 3.70, d, J 14.4 
Hz; 3.54, d, J 14.4 Hz. NMR (400 MHz) 8  145.4, 135.7, 135.67,
135.6, 135.3, 131.9, 129.0, 128.9, 128.6, 127.4, 127.2, 126.9 75.3,
69.8, 52.8, 38.5, 34.7, 31.8, 27.2, 24.8, 24.7, 21.7, 19.4. vmax (nujol) 
3472s, 3069m, 1959w, 1296s, 1141s, 1110s cm-*. MS (Cl,
positive) m/z 549 (M+H, 25%), 378 (20%), 338 (100%), 318 (30%), 
302 (30%), 262 (55%), 244 (50%), 199 (100%). (a ] D 2 4  45.1 (c, 0.9, 
CHCI3).
2 - (N - fer t -B uty  l d ip h e n y l s i l y l - S  - p h e n y l s u l f o n im i d o y  1)- 
me t hy l -b icyclo[2 ,2 , l ]  hep tan-2-ol  (8g)
The title compound was prepared by the method described for the 
synthesis of (8 d) except that norcamphor was used instead of 
methyl phenyl ketone and gave (8 g) in 50% yield as white solid,
m.p. 141-142° (Found: C, 71.77; H, 7.61; N, 2.68. C3 oH3 7 N 0 2 SSi 
requires C, 71.53; H, 7.40; N, 2.78%). !H NMR (400 MHz) 8  7.64­
7.57, m, 4H; 7.50-7.48, m, 2H; 7.36-7.24, m, 4H; 7.22-7.18, m, 3H;
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7.17-7.10, m, 2H; 5.84, s, 1H; 3.46, d, J 14 Hz, 1H; 3.24, d, J 14 Hz, 
1H; 2.35-2.29, m,lH; 2.25-2.15, m, 2H; 1.59-1.22, m, 7H; 1.09, s, 
9H. (isomer 2) 5.79, s, 1H; 3.44, d, J 14 Hz; 3.22, d, J 14 Hz; 1.08, s, 
9H. 13C NMR (2 isomers) (400 MHz) 5 (144.1, 143.95), (135.8, 
135.6), (135.2, 135.0), (134.8, 134.7), (132.04, 132.01), 129.0, 
(128.91, 128.89), 128.6, 127.4, 127.1, 127.09, 127.07, (79.0, 78.4), 
(68.3, 6 6 .8 ), (47.8, 47.3), (45.3, 44.5), (38.6, 37.9), (37.7, 36.9), 
(28.6, 28.3), (27.2, 27.1), (21.9, 21.3), (19.3, 19.2). vmax (nujol) 
3346s, 3059m, 1959w, 1254s, 1155s, 1101m cm'1. MS (Cl, 
positive) m/z 504 (M+H, 10%), 446 (20%), 428(10%), 368 (30%), 
338 (100%), 244 (80%), 199 (100%), 125 (100%).
(-)-2 -M eth yl-cycloh exan on e (9e)
0.54g of (8 e) in a small round bottom flask (25 ml) was distilled in 
Kugelrohr Oven at 135° on a vacuum line (1 mmHg) for 20 min.
0.18g (yield 80%) of (9e) was obtained in the cooled collector. 
[cc] D 2 8  -15.4 (c, 0.15, MeOH).
(-) 2-ierf-B utylcyclohexanone (9f)
The title compound was prepared by the method described for 
(9e) except that (8 f) was used instead of (8 e) and gave (9f) in 95% 
yield as an oil. [cc] D 2 3  -34.2 (c, 0.985, MeOH). *H NMR (400 MHz) 8  
2.32-1.43 m, 9H;, 0.992, s, 9H. IR (film) vmax 1710s, 1440s, 1363s, 
1125s cm-1.
c i s  and t r a n s  ferf-B utylcyclohexanol (lOf)
To a solution of (9f) (O.lg, 0.65 mmol) in 1.5 ml of dry ether at 0°C 
was added 3 ml of a 0.175M solution of lithium aluminum hydride 
in ether (0.02g in 3 ml ether) under a N2  atmosphere. After 2hr 
the reaction mixture was warmed to R.T. and stirred for another
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20min until gas was no longer evolved. The slurry was filtered 
and the filtrate was washed with saturated aqueous NaCl, dried 
(M gSO 4 ) and the ether was removed on a water bath to provide 
an oil (0.092g, 92%). ! h  NMR (400 MHz) 8  4.25, s, 1H; 3.49, m, 1H; 
1.96-0.82, m, 9H; 0.998, s, cis; 0.953, s, trans (cis:trans=56:44). IR 
(nujol) vmax 3325s, 1340s, 1081s, 850s cnr1-
MTPA ester (Ilf)
16 mg (0 . 1  mmol.) of 2 -t-butylcyclohexanol (lOf) in 0 .5 ml of dry 
DCM at 0°C was added 3 drops of pyridine and 2 crystals of 
dimethylaminopyridine. At this temperature, 38 mg of MTPAC 
(0.15 mmol, 28 pi) was added with a microsyringe. The solution 
was warmed to R.T. and stirred at R.T. under N2 for 10 days. The 
mixture was then extracted with ether (2x15ml), the organic layer 
was washed with 5% of HC1 (10ml), H20  (10ml), 10% of NaOH 
(10ml) and then H20  (10ml). The extract was dried (MgS04) and 
evaporated. Purification with via preparative TLC plate, afforded 
18mg of (Ilf) (47%). ! h NMR (400 MHz) 5 (major) 7.58-7.56, m, 
2H; 7.38-7.36, m, 3H; 4.91, dt, J 4, 10 Hz, 1H; 3.624, q, J 1.2 Hz, 3H;
2.17-0.83, m, 9H; 0.633, s, 9H. (minor) 3.44, q, J 1.2 Hz; 0.827, s, 
3H. MS (ammonia DC1, positive) m/z 390 (M+NH4 +, 100%).
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Chapter 3 Diastereoselective Conjugate Addition 
Reactions of Lithiated N-p-Tosyl-S- 
P henyI-S-2-P rop en ylsu lfox im ine
The aim of this part of the project was to examine the conjugate 
addition reactions of lithiated N-p-tosyl-S-phenyl-S-2-propenyl 
sulfoxim ine(l)
1. Preparation of Racemic N-p-Tosyl-S-Phenyl-S-2- 
Propenyl Sulfoximine (1)
Racemic N-p-tosyl-S-phenyl-S-2-propenyl sulfoximine (1) was 
prepared in 81% yield from S-phenyl-S-2-propenyl sulfoximine 
(2)25 by treatment with p-toluenesulfonyl chloride (1.2 equiv.) and 
pyridine (1.2 equiv.) in dichloromethane at 22°C for lhr (Scheme 1).
Scheme 1.
O O
DCM, pyridine, lh
p-toluenesulfonyl 
chloride
(2) (1) 81%
2 . Diastereoselective Conjugate Addition Reactions of 
Lithiated (1) to Cyclic and Acyclic Michael Acceptors
In our studies, addition of n-butyllithium (1.1 molar equiv.) to a 
solution of (1) in THF at -78°C gave an immediate yellow-orange 
solution of lithiated (1). After a period of 15 min, the solution was 
treated with a Michael acceptor (1.2 molar equiv.). After 3 min at 
-78°C  the almost colourless reaction mixture was quenched with 
acetic acid (1 molar equiv.) and then with an aqueous solution of 
saturated ammonium chloride. The diastereoselectivities of these
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reactions were determined by NMR (400 MHZ) analysis of the 
crude reaction mixtures. The reaction products were purified by 
column chromatography on silica gel with ethyl acetate/hexanes as 
eluent. The chemical yields were determined on purified samples. 
The results of these investigations are summarized in Table 1.
Table 1. Conjugate Addition Reaction of Lithiated (1) with Michael 
Acceptors:
O
II
Ph
N-p-Tos
1. n-BuLi, THF,-78
( 1 ) r2
o
Entry Michael acceptor 
R1 : R2
adducts Yield
(%)
Diastereomeric
ratio
1 -(CH 2)2- (3) 87 49 : 33 : 10 : 8
2 -(CH2)3- (4) 92 47 : 25 : 14 : 14
3 Ph Ph (5) 90 93 : 7
4 Me Ph (6) 45 90 : 10
5 Ph Me (V) 61 94 : 6
6 ch3o c h 3 (8) 32 50 : 50
7 -(c h 2)2-/h m p a (9) 54 51 : 33 : 9 : 7
8 Ph Ph/HMPA (10) 18 86 : 14
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In contrast to the chemistry reported for lithiated S-allyl-N-phenyl- 
S -(4 -m e th y lp h e n y l)su lfo x im in e 2 4  and lithiated S-allyl-N-t- 
b u ty ld ip h en y ls ily l-S -p h en y lsu lfo x im in e , 2 6  lithiated ( 1 ) gave 
exclusively 1,4-a adducts with both cyclic and acyclic Michael 
acceptors (Table 1).
When cyclic enones were treated with lithiated (1), the 1,4-a 
adducts were obtained as a mixture of the four possible 
diastereoisomers (Table 1, entry 1,2). Under the same conditions, 
acyclic enones also gave the 1,4-a adducts but these were obtained 
as a mixture of only two diastereoisomers and some of them in high 
diastereomeric purity (Table 1, entry 5-8). In the presence of HMPA 
a lower yield (54%) of 1,4-a adduct (9) was obtained in modest 
diastereoisomeric purity (51:33:9:7) and a small amount (15%) of 
1,4-a adduct (10) was obtained in good diastereoisomeric purity 
(86:14) (Table 1, Entry 7,8). Clearly HMPA does not effect the 
regiochemical outcome of these reactions. The relative (3S*, 4R*, 
SS*) stereochemistry of the major distereomeric adduct (3) from the 
reaction of (1 ) and cyclopentenone was secured by a single crystal 
X-ray analysis as shown in Figure 1. The relative stereochemistry of 
the major adduct (4) from cyclohexenone was assumed to be the 
same as that in (3) on the basis of its similar NMR spectrum
(Figure 2).
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Figure 1. The X-ray structure of major adduct of (3).
sO
Cl
 04
1
6 6
Figure 2 . Ifí NMR spectra of (3), (4).
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The relative (3R*, 4R*, SS*) stereochemistry of the major 
diastereomeric adducts (5) from the reaction of lithiated (1) and 
benzylideneacetophenone was also determined by a single crystal 
X-ray structural analysis (Figure 3). The relative stereochemistry of 
major adducts (6 ) and (7) are assumed to the same as that in (5) on 
the basis of their similar NMR spectra, as shown in Figure 4.
6 8
Figure 3. The X-ray structrue of major adduct of (5).
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Figure 4. The lH  NMR spectra of (5), (6 ) and (7).
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The sterochemical outcome of these reactions with respect to the 
stereogenic centre a  to the sulfoximine group can be rationalised as 
arising from attack on the carbanion whose structure is shown in 
(11) (Only the monomeric species is considered).
The a-substituent (CH2=CH-) of the sulfoximine would be expected 
to be anti to the bulky N-p-Tosyl group. Electrophilic attack on (11) 
should occur anti  to the S-phenyl group and syn to lithium. The 
overall stereochemical outcome of these reactions can be 
rationalised as arising from the chelated transition states (12) and
(13) in which the bulky groups of each reaction partner, the 
sulfoximidoyl group and the p-enone substituent, are anti  to 
minimise steric interactions (Scheme 1 and 2).
Scheme 1.
( 11 )
. - L i O
.Ph
N-p-Tos
H
(1 2 ) (3)
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Scheme 2 .
Ph
H
.P h
N-p-Tos
(13) (5)
On the other hand, we found the reactions of lithiated racemic allylic 
sulfoximine (1) with mesityl oxide (14) and 3-phenyl-cyclohexen-2- 
one (15) did not give 1,4-a adducts under the same conditions as 
above. Two 1,2-a diastereomeric adducts (16a) and (16b) were 
obtained from the reaction of lithiated (1) with (14) and two 1,2-y 
diastereomeric adducts (17a) and (17b) were obtained from the 
reaction of lithiated (1) with (15) (Table 2).
Table 2. The reactions of lithiated (1) with (14) and (15).
(14)
N-p-Tos
Lithiated (1) —
(16)
Ph
(15)
(17)
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(Continued Table 2)
Enone adducts Yield (%) Diasteromeric ratio
(14) (16) 28 78 : 22
(15) (17) 92 64 : 36
The structures of the adducts (16a) and (16b) were determined by 
lH ,1 3 C-NMR and IR spectroscopy. There was no peak in the range of 
160-220 ppm in the 13C NMR spectrum of (16), and there was a 
strong absorption band at 3400 cm' 1 in the IR spectrum. This 
information clearly indicated that the nucleophilic reagent had 
added in a 1,2-fashion rather than a 1,4-fashion. For the adducts 
(17a) and (17b), there were singlets at 5.949 ppm and 5.877 ppm in 
iH  NMR spectrum. These were assigned to the alkene ring protons 
for the two diastereomeric adducts. There was no carbonyl peak in 
13C NMR spectrum and a strong OH absorption band at 3480 cm- 1  
was found in the IR spectrum. This spectral data confirmed that
(14) and (15) undergo 1,2-addition reactions with (1) (Figure 5, 6 , 
7).
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Figure 5. The 13C NMR spectra of (16) and (17).
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Figure 7. The The NMR spectrum of (17).
pp
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Unfortunately, all the adducts (16a), (16b), (17a) and (17b) were 
oils and we could not get a single crystal for X-ray structure 
analysis.
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The poor yield in the reaction of (1) and (14) could possibly be due 
to competing proton transfer between (1) and the acidic methyl 
groups on (14).
3 D iastereoselective Addition of Lithiated Sulfoximine (1) 
to Aldehydes
Like Michael acceptors, very little work has been done on the 
reaction between lithiated allylic sulfoximines and aldehydes. In 
this study, lithiated sulfoximine (1) was treated with benzaldehyde 
(18) and isopropylaldehyde (19) (1.2 molar equiv.) at -78°C for a 
period of 3 min in THF. These reactions were quenched with acetic 
acid (1 molar equiv.) and then an aqueous solution of saturated 
ammonium chloride. The diastereoselectivities of these reactions 
were determined by 1H NMR (400 MHz) analysis of the crude 
reaction mixtures. The yields were found to be good (>90%) after 
purification of the crude products by column chromatography on 
silica gel (Table 3).
Table 3. The reaction of lithiated (1) with aldehydes:
Lithiated (1) + RCHO
(18) R=Ph
(19) R=i-Pr
(20) R=Ph
(21) R=i-Pr
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Entry Aldehyde adducts Yield ( %) Diastereomer ratio
1 benzaldehyde ( 2 0 ) 9 2 56 : 17 : 16 : 11
2 isopropylaldehyde ( 2 1 ) 9 0 39 : 39 : 22
In contrast to this work with aldehydes, Pyne2 5  reported that the
1.2- addition of lithiated N-t-butyldiphenylsilyl-S-phenyl-S-2- 
propenylsulfoximine (2 2 ) to benzaldehyde to give a mixture of only 
two 1,2-a adducts of the four possible diastereoisomers. In our 
study the reaction of lithiated ( 1 ) with benzaldehyde (18) gave four
1.2- a diastereoisomers (Table 3, entry 1). The reaction of lithiated 
(1) with isopropylaldehyde (19) afforded three of the four possible
1.2- a diastereoisomers (Table 3, entry 2) by NMR analysis of 
crude reaction mixtures. Attempts to determine the stereochemistry 
of these adducts by X-ray structural analysis were unsuccessful 
since these adducts were oils.
In conclusion, we have shown that lithiated (1) undergoes highly 
diastereoselective reactions with acyclic enones and that the major 
diastereomeric adduct has the (3R*, 4R*, SS*) relative
stereochemistry. In principle, lithiated (1) could be employed for 
the asymmetric synthesis of acyclic chiral natural products, e.g. 
pheromones.
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E x p e r i m e n t a l
For general methods see Part 1, Chapter 2.
N-p -T osy l -S -p h en y l -S -2 -p rop en y lsu l fox im in e  (1)
To a solution of S-phenyl-S-2-propenylsulfoximine (2 ) 2 5  (4.54g, 25 
mmol), pyridine (2.43 ml, 30 mmol) and N,N
dimethylaminopyridine (DMAP) (lmg) in 10 ml of DCM was added 
p-toluenesulfonyl chloride (5.72g, 30 mmol) at 0°C. The reaction 
mixture was warmed to R.T. and stirred for 1 hr. The crude 
product was purified by column chromatography on silica gel in 
40% of ethyl acetate/hexane to give (1) in 81% yield as a solid,
m.p. 82-830 (Found: C, 57.23; H, 5.17; N, 4.04. C1 6 H 1 7 N O 3 S 2  
requires C, 57.31; H, 5.07; N, 4.18%). lH NMR 5 (400 MHz) 7.98­
7.23, m, 9H; 5.80-5.70, m, 1H; 5.36, d, J, 10 Hz, 1H; 5.13, dd, J 17.2, 
0.8 Hz, 1H; 4.29, m, 2H; 2.40, s, 3H.
S - t l ' - i N - T o s y l - S - p h e n y l s u l f o n i m i d o y l ) - ! ' -  
propenyl]cyclopentanone (3)
To a solution of sulfoximine (167 mg, 0.5 mmol) in dry THF (1.5 
ml) at -78°C was added n-BuLi (0.35 ml, 0.55 mmol, 1.6M in 
hexane), dropwise over 2 min. The yellow solution was stirred for 
a further 15 min and was then treated rapidly with 2- 
cyclopenten-l-one ( 0.054g, 0.055 ml, 0.65mmol). After 3 min the 
reaction was quenched by the addition of glacial acetic acid (0.035 
ml) followed by the addition of saturated NH4 CI solution (0.5 ml) 
and then water 10ml. The mixture was extracted with DCM (15 ml 
x 2), dried with MgSC>4 and evaporated to give the crude product. 
The reaction product was separated and purified by column 
chromatography on silica gel. Gradient elution using 10% ethyl
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acetate/hexane to 60% ethyl acetate/hexane gave (3) (180 mg) in 
87% yield. Recrystallized from ethyl acetate/hexane afforded good 
crystals, m. p. 124-126°C (Found C, 60.81; H, 5.68; N, 3.27. 
C2 1 H2 3NO4 S2 requires C, 60.43; H, 5.52; N, 3.36%). *H NMR (400 
MHz) fraction 1 (major) 5 7.98-7.23, m, 9H; 5.56, dt, J 16.4, 10.4 
Hz, 1H; 5.41, dd, J 1.0, 10.4 Hz, 1H; 5.16, d, J 16.8 Hz, 1H; 4.08, dd, J
7.2, 7.2 Hz, 1H; 2.93, m, 1H; 2.56-1.55, m, 6 H; 2.39, s, 3H. (minor) 5 
5.09, d, J 17.2 Hz. NMR (400 MHz) (major) 6  216, 142.8, 140.8,
135.5, 134.4, 129.24, 129.22, 127.7, 126.6, 125.6, 74.99, 43.3,
37.7, 35.3, 26.4, 21.5.
1H NMR (400 MHz) fraction 2 (major) 5 7.93-7.22, m, 9H; 5.78, dt, J
16.8, 10.4 Hz, 1H; 5.32, dd, J 0.8, 10.4 Hz, 1H; 4.92, d, J 16.8 Hz, 1H; 
3.56, dd, J 8 .8 , 8 . 8  Hz; 3.15, m, 1H; 2.56-1.26, m, 6 H; 2.38, s, 3H. 
(minor) 5.01, d, 16.8 Hz. NMR (400 MHz) (major) 8  216.1,
142.7, 140.84, 135.9, 134.5, 129.5, 129.1, 127.8, 126.5, 125.8,
76.05, 43.2, 37.4, 35.1, 27.1, 21.5. vmax (nujol) 1740s, 1595m, 
1375s, 1156s, 1094s, 1049s cm“1. MS (Cl positive) m/z 418.2 
(M++H, 10%), 296 (100%), 246 (15%), 132.8 (50%), 124.2 (120%),
60.2 (40%).
3 - [ l ' - ( N - T o s y l - S - p h e n y l s u l f o n i m i d o y l ) - 2 ' -  
propenyljcyclohexanone (4)
The title compound was prepared by the method described for the 
synthesis of (3 ) except that cyclohexenone was used instead of 
cyclopentenone and gave (4) (198 mg) in 92% yield as a solid, m.p. 
149-151°C (Found C, 61.44; H, 5.87; N, 3.25. C2 2H25NO4 S2 requires 
C, 61.25; H, 5.80; N, 3.25%). !H NMR (400 MHz) 8  fraction 1 (major) 
7.94-7.23, m, 9H; 5.77, dt, J 16.8, 19 Hz, 1H; 5.39, dd, J 0.8, 10 Hz, 
1H; 5.01, d, J 16.8 Hz, 1H; 3.55, dd, J 4.4, 10 Hz, 1H; 2.69, m, 1H; 
2.41, s, 3H: 2.49-1.36, m. 8 H: minor 4.95, d, J 17.2 Hz.
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fraction 2 (major) 8  7.96-7.21, m, 9H; 5.61, dt, J 16.8, 10.4 Hz, 1H; 
5.39, d, J 10.4 Hz, 1H; 5.03, dd, J 0.4, 17 Hz, 1H; 3.85, dd, J 3.6, 10.4 
Hz, 1H; 2.99, m, 1H; 2.41, s, 3H; 2.54-1.36, m, 8 H. minor 5.40, d, J 
10.4 Hz, 1H. 13c NMR (400 MHz) 8  fraction 1 (major) 208.6, 142.7, 
140.9, 136.4, 134.4, 129.1, 128.3, 126.2, 123.9, 76.5, 45.97,
41.0,36.8,26.6, 24.3, 21.4. fraction 2 (major) 208.6, 142.8, 140.85,
136.3, 134.3, 129.2, 127.9, 126.5, 124.5, 75.0, 42.9, 36.7, 29.9,
24.3, 21.5. vmax (nujol) 1709 s, 1377 s, 1145 s, 1085 s, 1063 s cm-1 
MS (Cl, positive) m/z 432 (M++H, 20%), 346 (25%), 306 (100%), 
279 (100%), 171 (100%).
l , 3 - D i p h e n y l - 4 - ( N - T o s y l - S - p h e n y l s u l f o n i m i d o y I ) - 5 -  
hexen- l -one (5)
The title compound was prepared by the method described for the 
synthesis of (3 ) except that benzylidenacetophenone was used 
instead of cyclopentenone and gave (5) (243 mg) in 90% yield as a 
solid, m.p. 131-132°C (Found C, 68.09; H, 5.37; N, 2.46. 
C3 1 H2 9 NO4 S2 requires C, 68.48; H, 5.38; N, 2.58%). !H NMR (400 
MHz) (major) 8  7.92-7.04, m,19H; 5.89, dt, J 17.2, 10.4 Hz, 1H; 5.34, 
dd, J 0.8, 10 Hz, 1H; 4.70, d, J 16.8 Hz, 1H; 4.69, dt, J 11.6, 3.2 Hz, 
1H; 3.92, dd, J 3.2, 10.8 Hz, 1H; 3.62, dd, J 3.2, 9.2 Hz, 1H; 3.48, dd, 
J 11.2,17.2 Hz, 1H; 2.16, s,lH. (minor) 8  5.37, dd, J 0.8, 10 Hz.13C 
NMR (400 MHz) (major) 8  196.4, 142.5, 141.0, 139.8, 136.63, 
136.57, 134.2, 133.0, 129.3, 129.2, 129.1, 128.53, 128.49, 128.4,
128.3, 127.9, 127.3, 126.5,124.3,75.8, 39.3, 38.4, 21.3. vmax (nujol) 
1680s, 1595m, 1376s, 1148s, 1087s,1056s cm-1. MS (Cl, positive) 
m/z 544.2 (M++H, 5%), 314 (15%), 314 (15%), 270 (50%), 226 
(50%), 195 (65%), 142 (40%), 114 (85%), 101 (100%).
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4 -  P h e n y l - 5 - ( N - T o s y l - S - p h e n y l s u l f o n i m i d o y l ) - 6 - h e p t e n -
2- one (6)
The title compound was prepared by the method described for the 
synthesis of (3) except that benzalacetone was used instead of 
cyclopentenone and gave (6) (108 mg) in 45.2% yield as a solid,
m.p. 141-1420 (Found: C, 64.47; H, 5.69; N, 2.76. C2 6 H2 7 NO4 S2  
requires C, 64.84; H, 5.65; N, 2.91%). >H NMR (400 MHz) major 5 
7.89-7.12, m, 14 H; 5.75, dt, J 16.8, 10.4 Hz, 1H; 5.32, dd, J 0.8,10.4 
Hz, 1H; 4.71, d, J 17.2 Hz, 1H; 4.45, dt, J 11.6,3.2 Hz, 1H; 3.88, dd, J
3.2, 10.4 Hz, 1H; 3.08, dd, J 3.6, 16.4 Hz, 1H; 2.91, dd, J 11.6,17.2 Hz 
1H; 2.39, s, 3H. minor: 6 4.72, d, J 17.2, 1H. 13C NMR (400 MHz) 6
205.0, 153.4, 142.6, 141.1, 139.5, 136.4, 134.2, 129.21, 129.18, 
128.6, 128.3, 128.2, 127.5, 126.6, 124.3, 75.6, 43.7, 39.2, 29.9,
21,5. vmax (nujol) 1705 s, 1371 s, 1149 s, 1096 s, 1067 s cm'1 . MS 
(Cl, positive) m/z 482 (M++H, 10%), 431 (15%), 399 (35%), 316 
(30%), 296 (100%), 278 (100%), 214 (100%), 199 (100%), 187 
(100%).
3 -  M e t h y l - l - p h e n y l - 4 - ( N - T o s y l - S - p h e n y l s u l f o n i m i d o y l ) -
5- hexen-l -one (7)
The title compound was prepared by the method described for 
the synthesis of (3) except that 1-phenyl-butene-2-one was used 
instead of cyclopentenone and gave (7) (146 mg) in 61% yield as a 
solid, m.p. 148-149°C (Found C, 65.01; H, 5.61; N, 2.94. 
C2 6 H2 7 NO4 S2  requires C, 64.84; H, 5.65; N, 2.91%).^ NMR (400 
MHz) (major) 8 7.90-7.02, m, 14H; 5.75, dt, J 16.8, 10Hz, 1H; 5.37, 
dd, J 0.8,10Hz, 1H; 4.93, d, J 16.8Hz, 3.72, dd, J 2.8,10.4Hz, 1H; 3.54, 
dd, J 2.4,16.8Hz, 1H; 3.51, m, 1H; 2.68, dd, J 7.2,17.2Hz, 1H; 2.17, s, 
3H; 0.996, d, J 7.2Hz, 3H; 5.97, dt, J 16.8,10.Hz, 1H. 13C NMR (400 
MHz) 8 197.7, 142.5, 141.0, 136.66, 136.65, 134.2, 133.1, 129.2,
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129.1, 129.06, 128.5, 128.0, 127.7, 126.4, 124.5, 75.6, 40.2, 28.6,
21.3, 18.7. vmax (nujol) 1684s, 1377s, 1211s, 1154s, 1091s, 1063 s 
cm-1. MS (Cl, positive) m/s 482 (M++H, 5%), 367 (30%), 284 (15%), 
254 (35%), 186.9 (70%), 125.7 (78%), 101.8 (100%).
M e t h y l - 3 - M e t h y I - 4 - ( N - T o s y l - S - p h e n y l s u l f o n i m i d o y l ) - 5 -  
hexenoate (8)
The title compound was prepared by the method described for 
the synthesis of (3) except that methyl crotonate was used instead 
of cyclopentenone and gave (8 ) (69 mg) in 31.8% yield as a solid, 
m.p. 121-123°C (Found C, 57.42; H, 6.05: N, 3.12. C2 1 H2 5 NO 5 S2  
requires C, 57.91; H, 5.79; N, 3.22%). lH NMR (400 MHz) 6  (2 
diastereoisomers) 7.96-7.20, m, 9H; 5.58, dt, J 17.2,10 Hz, 1H; 5.35, 
d, J 10.4 Hz, 1H; 4.952, d, J 16.4 Hz, 1H; 3.69, dd, J 10.6, 3.2 Hz, 1H; 
(3.668, 3.645), s, 3H; 2.99, dd, J 16.8, 4.8 Hz, 1H; 2.82, dd, J 16, 3.2 
Hz, 1H; 2.387, s, 3H; 2.059, dd, J 16, 10.8 Hz, 1H; (1.06, 1.004), d, J
7.2 Hz, 3H. !3C NMR (400 MHz) 8  (2 diastereoisomers) (172.5, 
171.8), (142.39, 142.34), 141.1, (137.4, 136.52), 134.13, 129.4, 
129.12, 128.99, 128.83, 127.67, 126.54, 126.51, 77.12, (75.41, 
71.36), 51.56, (36.71, 36.17), (25.59, 29.20), 21.42, (17.88, 17.74). 
Vmax (nujol) 1740 s, 1460 s, 1375 s, 1156 s, 1095 s, 1049 s cm-1. 
MS (El, positive) m/z 436 (M++H, 10%), 336 (15%), 310 (45%), 296 
(50%), 278 (25%), 172 (80%), 155 (100%).
3 - [ l , - ( N - T o s y l - S - p h e n y l s u l f o n i m i d o y l ) - 2 , - 
propenyl]cyclopentanone (9)
To a stirred solution of sulfoximine (167mg, 0.5mmol) and HMPA 
(1.1 mmol, 0.2ml) at -78°C was added n-BuLi (0.35 ml, 0.55 mmol, 
1 .6 M in hexane) dropwise over 2 min. The yellow solution was 
stirred for a further 15 min and was then treated rapidly with
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cyclopentenone (1.3 equiv). After 3 min the reaction was 
quenched by the addition of AcOH (0.035 ml) followed by the 
addition of saturated NH4 CI (0.5 ml) and water (10 ml). Extraction 
with DCM (15 ml x 2), drying with MgSC>4 and evaporation gave 
the crude product. The reaction product was purified by column 
chromatography on silica gel. Gradient elution using 10% to 60% 
ethyl acetate/hexane gave (9) (113 mg) in 54% yield.
1 . 3 -  D i p h e n y l - 4 - ( N - T o s y l - S - p h e n y l s u l f o n i m i d o y l ) - 5 -  
hexen- l-one (10)
The title compound was prepared by the method described for the 
synthesis of (9) except that l,3-diphenylbutene-2-one was used 
instead of cyclopentenone and gave (10) (38 mg) in 18% yield as a 
solid.
2 . 4 -  Dime t h y l - 5 - ( N - t o s y l - S - p h e n y l s u l f o n i m i d o y l ) -2,6-  
heptadien-4-ol  (16)
The title compound was prepared by the method described for the 
synthesis of (3) except that mesityl oxide was used instead of 
cyclopentenone and gave (16) (60 mg) in 28% yield as an oil !H 
NMR (400 MHz) 6  (major) 7.94-7.14, m, 9H; 5.90, dt, J=17.2, 10.0 
Hz, 1H; 5.26, dd, J=10.0, 0.8 Hz, 1H; 4.74, d, J=16.8 Hz, 1H; 4.12, dd, 
J=14, 7.2 Hz, 1H; 3.44, d, J=10.8 Hz, 1H; 2.41, s, 3H; 2.045, s, 3H; 
1.33, s, 3H;1.23, s, 3H. (minor) 5.50, dt, J=16.8, 10.4 Hz, 1H; 4.72, 
dd, 16.8, 0.8 Hz, 1H. 13C NMR (400 MHz) 6  (2 diastereoisomers) 
(143.04, 142.92), (140.77, 140.45), 137.37, (134.43, 134.27), 
129.49, 129.30, 129.27, 129.14, 128.95, (128.20, 128.18), 126.65, 
126.61, 125.44, (81.27, 80.36), (73.59, 73.10), 60.36, 53.77, (29.95, 
29.24),(27.10, 25.51), (22.63, 21.51). vmax (nujol) 3470 s, 1755 m, 
1597 m, 1385 s, 1147 s, 1084 s, 1050 s cm-1. MS (El, positive)
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m/z 434 (M++H, 5%), 394 (20%), 376 (50%), 296 (100%), 251 (15%), 
132 (10%), 60 (20%).
3 - P h e n y l - l - [ 3 ' - ( N - t o s y l - S - p h e n y l s u l f o n i i n i d o y l ) - 2 ' -  
propenyl] -2-cyclohexen- l -o l  (17)
The title compound was prepared by the method described for the 
synthesis of (3) except that 3-phenyl-2-cyclohexenone was used 
instead of cyclopentenone and gave (17) (233 mg) in 92% yield oil. 
!H NMR (400 MHz) 8  (major) 7.97-7.17, m, 14H; 6.60,d, J 15.81 Hz,
1H; 5.88, s, 1H; 2.57, dd, J 7.2, 1,2 Hz, 2H; 2.39, s, 3H; 1.84, m, 2H; 
1.26, m, 2H; (minor) 8 , 6.57, J 15.8 Hz, 1H; 5.95, s, 1H. 13C NMR 
(400 MHz) 8  (major) 144.69, 1422.72, 140.96, 140.83, 140.81, 
138.13, 133.92, 131.72, 129,51, 129.20, 128.32, 127.61, 126.58, 
125.47, 70.45, 44.37, 35.51, 27.55, 21.49, 19.29. vmax (nujol) 
3480s, 1650m, 1550m, 1400s, 1160s, 1080s, 1060s cm-1. MS 
(ammonia DC1) 525 (M+NH4, 30%), 508 (M+H, 20%), 490 (50%), 353 
(50%), 313 (100%).
1- P h en y l -2 -  (N-T o s y l - S - p h e n y l s u l f o n i m i d o y l ) - 3 - b u t e n - l -  
ol (20)
The title compound was prepared by the method described for the 
synthesis of (3) except that benzaldehyde was used instead of 
cyclopentenone and gave (20) in 92% yield as an oil. ' 11 NMR (400 
MHz) 8  (fraction 1) 7.99-7.26, m, 17H; 6.051, dt, J 17.2, 10 Hz, 1H; 
5.896, s, 1H; 5.28, d, J 0.8 Hz, 1H; 4.69, d, J 17.2 Hz, 1H; 3.76, d, J
9.4 Hz, 1H; 3.53, d, J 2.4 Hz, 2.41, s, 3H. (fraction 2) 5.87, s, 1H; 
5,83, dt, J 17.21, 10 Hz, 1H; 5.26, d, J 10.4 Hz, 1H; 4.86, d, J 17.2 Hz, 
1H; (fraction 3) 5.29, dt, J 17.2, 10Hz, 1H; 5.00, dd, J 10.4, 0.8Hz, 
1H. (fraction 4) 5.13, dt, J 17.2, 10 Hz, 1H; 4.97, dd, J=10, 0.8 Hz, 
1H. 13C NMR (400 MHz) 8  (fraction 1 ) 142.7, 140.7, 134.25, 129.46,
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129.43, 129.18, 129.10, 128.99, 128.36, 128.24, 128.14, 127.87, 
126.48, 125.86, 77.23, 70.17, 21.4. vmax (nujol) 3480s, 1680s, 
1594s, 1455s, 1320s, 1144s, 1090s, 1063s cm-1. MS (ammonia 
DC1) 459 (M+NH4 , 60%), 442 (M+H, 5%), 353 (50%), 313 (100%), 297 
(55%).
2 -  M e t h y l - 4 - ( N - T o s y l - S - p h e n y l s u I f o n i m i d o y l ) - 5 - h e x e n - 3 -  
ol (21)
The title compound was prepared by the method described for the 
synthesis of (3) except that isopropylaldehyde was used instead of 
cyclopentenone and gave (21) in 90% yield as an oil. lH NMR (400 
MHz) 5 (fraction 1) 8.15-7.21, m, 9H; 5.82, dt, J 17.2, 10 Hz, 1H; 
5.44, dd, J 10.4, 0.8 Hz, 1H; 5.17, d, 16.8 Hz, 1H; 4.19, dd, J 9.6, 2.8 
Hz, 1H; J 4.08, d, 9.6 Hz, 1H; 2.85, s, 1H; 2.39, s, 3H; 1.62, m, 1H;
1.00, d, 5.6 Hz, 3H; 0.79, d, 5.6 Hz, 3H. (fraction 2) 5.45, dt, J 16.8, 
10 Hz, 1H; 5.33, dd, J 10, 1.2 Hz, 1H; 5.02, d, 16.8 Hz, 1H. (fraction 
3) 5.97, dt, J 17.2, 10 Hz; 1H; 5.00, d, J 17.6 Hz, 1H. NMR (400 
MHz) 5 (fraction 1) 142.73, 140.75, 135.79, 134.2, 129.38, 129.35,
129.21, 129.01, 127.74, 126.54, 123.81, 74.34, 73.45, 31.96, 21.47, 
18.99, 18.18 . Vmax (nujol) 3490s, 1590 m, 1442 s, 1300 s, 1155 s, 
1086 s, 1059 s cm-1. MS 425 (ammonia DC1) (M+NH4 , 80%), 408 
(M+H, 40%), 313 (100%), 297 (25%).
3 -  P h e n y l - 2 - c y c l o h e x e n o n e
0.7g (30 mmol) of magnesium turnings, 30 ml of dry THF and 2 
crystals of iodine in a two neck flask to which a condenser was 
attached was added 3.92g (25 mmol, 2.6 ml) of bromobenzene at 
R.T.. The mixture was stirred for 10-20 min. and when the most 
of magnesium had disappeared, cooled to Ô C with ice on bath. 
3.5g (25 mmol, 3.4 ml) of 3-ethoxy-2-cyclohexen-l-one was
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added and then the mixture was warmed to 40-50°C for 6 hr. The 
reaction mixture was then cooled to 0°C and quenched with 10 ml 
of 5% HC1 and stirred overnight at R.T. The mixture was then 
extracted with Et20 and then dried with MgSC>4 . Purification by 
column chromatgraphy on silica gel with gradient elution using 5­
40% ethyl acetate/hexane afforded 3.63g (84%) of a white solid, 
m.p. 61-620. 1H NMR (400 MHz) 8 7.55-7.53, m, 2H; 7.42-7.41, m, 
3H; 6.43, t, J 1.6 Hz, 1H; 2.79, dt, J 1.6, 6 Hz, 2H; 2.50, t, J 6 Hz, 2H; 
2.16, m, 2H. MS (El, positive) 173 (M+H, 100%), 142 (40%).
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PART 2
Chapter 4 Addition of Nitrogen Nucleophiles to Vinyl 
Sulfoxides
1. The Conjugate Additions of Amines to Vinyl Sulfoxides
to (R)-(Z)-propenyl p-tolyl sulfoxide in methanol solution at reflux 
for 24 hours gave a mixture of two diastereomeric p-amino sulfoxide 
adducts in a ratio of 87:13. An analogous reaction was observed 
between (R)-(E)- or (Z)-styryl-p-tolyl sulfoxide37 and benzylamine, 
producing a chiral p-amino sulfoxide35 (Scheme 1 and Table 1)
Scheme 1
In 1971, Stirling34 reported that the conjugate addition of piperidine
p-ToL p p-Tol
+ PhCH2NH2
EtOH
80 °C (la)
+
R2 R PhH2CHN H
p-Tol
( lb)
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Table 1.
Vinyl sulfoxide Time (days) la : lb
Rl=Ph, R2=H 20 87 : 13
Ri=H, R2=Ph 20 85 : 15
The stereochemical outcome of this reaction is rationalised by 
nucleophilic attack on the ground state conformation in which the 
sulfoxide electron pair and the carbon-carbon double bond are s y n  
coplanar. This ground state conformation is based on recent 
theoretical calculations.36 Therefore, nucleophilic attack of the amine 
on the vinyl sulfoxide occured from the least demanding 
diastereotopic rc-face, which would be a n t i  to the bulky p-tolyl 
sulfinyl substituent.
The main problem with this reaction is that the substrates are fairly 
unreactive, which is indicated by the long reaction times for these 
reactions (7-10 days). This problem was rectified in Hellmund’s 
work37 by the inclusion of an electron withdrawing ester substituent 
(C02R) ,  which increases the substrate reactivity. In principle the 
Michael addition reaction of a-sulfinyl a, p-unsaturated esters with 
an amine nucleophile will produce chiral p-amino esters in a 
distereoselective fashion. These compounds are potentially useful for 
the asymmetric synthesis of p-lactams.
The Michael addition reaction of (E)-a-sulfinyl a,p-unsaturated 
esters with nitrogen nucleophiles was examined.37 However the p- 
amino sulfoxide products were unstable and gave the p-sulf inyl  
ester and imine products as shown in Scheme 2.
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Scheme 2.
+ R'NH
p-sulfinyl ester
+ RCH=NR'
imine
2. The Synthesis of Triazole
In 1991, Pyne and Hellmund37 examined reaction of azide ion to a -  
sulfinyl a , p-unsaturated esters with the aim of preparing p-azido a - 
sulfinyl esters which in principle could be converted to p -am in o  
esters. These reactions gave mainly 1,2,3-triazoles and what was 
believed to be the desired p-azide ester but only as a minor product 
(Scheme 3).
90
Scheme 3.
PhOSv XD2 Me
\ /
H Ph
NaN3--------- ------►
d m f /h 2o
H
n ' N
J M .
PIT CD 2Me
86%
The analogous reaction of the p-furyl-a,p-unsaturated sulfinyl ester 
(2) with sodium azide gave only the 1,2,3-triazole (3) and none of 
the desired p-azide ester could be detected (Scheme 4).
Scheme 4
CD 2Me
Two possible mechanisms for the formation of triazoles are possible, 
a concerted mechanism is outlined in Scheme 5.
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-SOPh
v
The concerted addition of azide through a cyclic transition state 
would give the heterocyclic intermediate (4). This intermediate then 
undergoes elimination of the phenyl sulfenyl substituent to give the 
triazole (5), which undergoes tautomeric rearrangement to the 1,2,3- 
triazole (3). An ionic mechanism is also possible and this is discussed 
in Chapter 5.
The classical synthesis of triazoles is from compounds containing 
carbon-carbon triple bonds that undergo 1,3-dipolar addition to give 
triazoles with azide38 (Scheme 6).
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Scheme 6.
—C = C —  + RN3 ----------►
or
— c = c —  + n 3" —
The synthesis of 1,2,3-triazole from the addition of azide ion to a -  
sulfinyl a , p-unsaturated esters has been demonstrated, but the 
mechanism of this reaction is not clear.
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Chapter 5 Addition of Azide to Vinyl Sulfoxides
The aim of this part of project was to re-examine the addition 
reaction of azide ion to p -ary l-a-phenylsu lfiny lacry lates as a 
method for preparing P-azido esters and to explore the mechanism 
of this type of reaction. While this study was initiated by Hellmund 
in 1991,37 the reaction products were not thoroughly characterized 
and what was believed to be the P-azido ester could not be obtained 
pure.
1. Preparation of p -a r y l-a -p h e n y ls u lf in y la r y la te s
Firstly, racemic p-aryl-a-phenylsulfinylarylates were prepared 
from the reaction of methyl phenylsulfinylacrylate (1 molar equiv.) 
and an aromatic aldehyde (1.3 molar equiv.) in the presence of 
piperidine (0.1 molar equiv.) in dry acetonitrile at 60°C for 76 
hours. The products (la , lb, and lc) were readily purified by 
recrystallization (Table 1).
Table 1. The reaction of methyl phenylsulfinylacetate with 
aromatic aldehydes
ArCHO +
(1)
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Entry Aldehyde Yield (%) Chemical shift (ppm) 
p-H -Me
1 benzaldehyde (la )68 7.72 3.61
2 1-naphthaldehyde (lb )42 8.47 3.46
3 2-furfur aldehyde (lc)61 7.71 3.72
2. Preparation of Triazoles and p-Azido Esters
The addition of azide ion to p-aryl-oc-phenylsulfinyl-acrylates,37 a- 
heteroatom substituted acylates39 and related Michael 
acceptors40»41’42 is known to afford triazoles. While the mechanism 
of this reaction has not been unequivocally estabished, it is thought 
that trizoles arise from the cyclization of an incipient p-azide a- 
anion that is formed from initial conjugate addition of azide ion to 
the Michael acceptor (compare with Scheme l) .39-41 A mechanism 
involving 1,3-dipolar cycloaddition of azide ion has also been 
su ggested .39 In contrast, the reaction of Michael acceptors with 
hydrazoic acid gives azides through conjugate addition.43’44 In our 
studies, we reasoned that the addition of azide ion to (la-c), in the 
presence of a proton donor (MX, X=N3 , OH, OAc, Cl), should afford the 
P-azido esters (4) through protonation of the p-azido a -a n io n
intermediate (2).
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Scheme 1
-  <rNo -----±r N__ 3 SOPhr HX Hi-v :
Ar
\  ^
c d 2c h 3 X" Ar (
(2) (4)
CD 2CH3
n ’ V
H^A / ^ SOPh 
Ar ^ C D 2CH3
H
- PhSO ^ N 'N'N
(a) Ar=Ph
(b) Ar=l-naphthyl
(c) Ar=2-furyl
ju t
Ar ^ C D 2CH3
(3)
The reaction of (la) with sodium azide (2 molar equiv) in DMF, with 
water as the proton source, at room temperature for 24 hours gave 
mainly unreacted (la), a small amount of the triazole (3a) and none 
of the desired p-azido ester (4a). When acetic acid (1 molar equiv) 
was employed as proton donor, the rate of reaction was greatly 
enhanced, as was the yield of the triazole (3a) (Table 2). The 
structrue of (3a) was unequivocally determined from X-ray 
structure analysis (Figure 1). Under these conditions the substrates 
(lb, lc) were also converted into their corresponding triazoles (3b, 
3c) in good yields (Table 2). Again the desired P-azide esters (4) 
could not be detected from NMR analysis of the crude reaction
m ixture.
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H
AcOH N ' 'N
(1) + NaNa -----------------► \\ //
3 DMF L
Ar CD2CH3
(a) Ar=Ph (3)
(b) Ar=l-naphthyl
(c) Ar=2-furyl
Table 2 The reaction of (la-c) with NaN3 in acetic acid
Entry Substrate Triazole (3) (%) Chemical shift of 
-Me (ppm)
1 1 a (3a)73 3.95
2 lb (3b)69 3.77
3 lc (3c)57 3.99 !
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Figure 1. The X-ray structure of (3a)
sptnby C10 H9 N3 0 2 molecule 3
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When 10% aqueous HC1 (2 molar equiv. of H+) was employed as 
proton donor, the p-azido ester (4a) was finally obtained from the 
reaction of (la) with sodium azide (2 molar equiv.) in DMF. The P- 
azido ester (4a) was obtained as a mixture (about 3:3:1) of 
diastereoisomers from which the major diastereoisomer could be 
obtained diastereomerically pure and in 35% yield by 
recrystallization of the crude reaction mixture (Figure 2). To our 
knowledge this is the first p-azido sulfoxide to be isolated. This 
compound was different to that isolated by Hellmund.3 7 T h e  
structure of Hellmund’s compound remains unclear and was not 
observed in this study. When 7% aqueous H2 S 0 4 was employed as 
proton source, the analogous reaction of (la) with sodium azide 
afforded the same product as above.
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Figure 2 . IH NMR (CDC13) of (4a)
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The structure of (4a) was clearly evidenced from 1 H NMR [8 5.32, d, 
J 11.6Hz, 1H, PhCHN3; 8 3.70, d, J 11.6Hz, 1H, CH(SOPh)CC>2Me], » C  
NMR [5 72.6(CH), 62.2(CH)], IR [2091 cm-1 (N 3 ), 1724 cm -1 
(C O O M e)] and MS [(Cl), positive, m/z 330(100%, M +H+)] 
spectroscopic analysis. The azide (4a) was thermally unstable and 
decomposed rapidly at 60°C. Treatment of (lb) under the same 
conditions afforded the analogous azide adduct (4b). A simple
recrystallization of the crude reaction mixture from ethyl
acetate/hexane gave analytically pure (4b) as a single
diastereoisomer in 49% yield (Figure 3). Attempts to purify (4a) or 
(4b) on silica gel led to the formation of degradation products that 
could not be identified (Figure 4). When (lc) was treated as 
described above none of azide adduct (4c) could be detected from 
lH  NMR analysis of the crude reaction mixture, however, the
reaction product consisted of a mixture (4:1) of (lc) and its (Z)- 
isomer (5 7.89, s, 1H, =CH) (Table 3).
Table 3
(1) + NaN3
10% HC1 
DMF
N3 H
H ^ y  \  SOPh 
Ar CD 2Me
(a) Ar=Ph
(b) Ar=l-naphthyl
(4)
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(Continued Table 3)
Entry Ar product Chemical shift (ppm)
1 Ph (4a) 35%* ArCHN3 CH(S0Ph)C02Me CH3 
5.32(d) 3.70(d) 3.09(s)
2 naphthalen-
i-yi
(4b) 49%* 6.06(d) 4.10(d) 3.00(s)
3 furan-2-yl (lc) : (Z)-isomer 
(4 : 1)
=CH of (lc) =CH of Z-isomer 
7.71 7.89
* After recrystallization of the crude reaction mixture.
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Figure 3 ]H NMR (CDCI3 ) of (4b)
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Figure 4 iff NMR (CDCI3 ) of degradation product of (4a)
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With (4a) and (4b) in hand, we were able to examine the cyclization 
reaction of these compounds to their corresponding triazoles (3a) 
and (3b). Treatment of (4a) with l,8-diazabicyclo[5.4.0]undec-7-ene 
(DBU) in anhydrous dichloromethane at 0°C for 2 hours gave the 
triazole (3a) in 33% yield and (la) in 30% yield after separation and 
purification by column chromatography on silica gel.
CH2C12, 0 0C
(4a) + DBU --------------------► (la) 30% + (3a) 33%
Interestingly, treatment of (4a) with anhydrous sodium acetate (1 
equiv.) in dimethylformamide gave a mixture (9:1) of (la) and (3a), 
determined by NMR analysis of the crude reaction mixture.
CH2CI2.0&
(4a) + NaOAc ------------------- ► (la) + (3a)
9 : 1
In contrast, treatment of (4b) with DBU gave only (lb). When 
triethylamine was employed as the base then a 9 : 1 mixture of (lb) 
and (3b) was obtained from 1H NMR analysis of the crude reaction 
mixture, however, the combined isolated yield of these two 
compounds was poor (17%).
(4 b) + triethylamine
CH2C12, o °c
(lb) + (3b) 
9 : 1
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In conclusion, the reaction of (1) with sodium azide can give either 
triazoles or 0 -azido esters depending upon the reaction conditions. 
Unfortunately the diastereoselectivity of the reactions leading to the 
latter products is poor. It now appears that the triazoles (3) most 
likely arise from a mechanism that involves cyclization of an 
intermediate p-azido a-anion (2) (see Scheme 1). A concerted 1,3- 
dipolar cycloaddition mechanism would now seem highly unlikely.
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E x p e r i m e n t a l
For general methods see Part 1, Chapter 2.
( E )  (RS) Methyl 3-phenyl-2-phenylsul finylpropenoate
( l a ) 4 5
To a solution of methyl phenylsulfinylacetate (5.04 mmol) 
and piperidine (0.5 mmol) in dry acetonitrile (3 mL) was added 
benzaldehyde (6 . 6  mmol) and the resulting mixture was stirred 
at 60° for 76 hr under an atmosphere of nitrogen. The 
acetonitrile was then evaporated and the residue was dissolved 
in chloroform (30 mL) and the resulting solution was washed 
with 5% HC1, water and dilute NaHSC>3 . The organic layer was 
then dried (MgSC>4 ), filtered and then evaporated to dryness. 
Recrystallization of the oily product from hexane gave (la) in 
6 8 % yield as colourless crystals, m.p. 76-77°. (Found: C, 67.31; H, 
4.99. C1 6 H 1 4 SO3 requires C, 67.11,: H, 4.93%). lH n.m.r. 5 7.72 (s, 
1H), 7.72-7.69 (m, 2H), 7.62-7.60 (m, 2H), 7.50-7.48 (m, 3H), 
7.41-7.39 (m, 3H), 3.61(s, 3H). 13c n.m.r. 8  163.4, 143.1, 139.0,
136.7, 132.6, 131.8, 130.3, 130.2, 129.3, 128.5, 125.9, 52.0. Umax 
(nujol) 1720 (s), 1610, 1232, 1195, 1170 cm-1. Mass Spectrum 
(c.i. +ve) m/z 287 (M+H+, 85), 255 (M-OMe, 45), 211 (40) 149 
(25), 147 (43), 125 (6 8 ), 105 (100).
( E  ) ( R S )  M e t h y l  3 - (1 '  - n a p h t h y 1) - 2 -
phenylsul f inylpropenoate ( lb )
The titled compound was prepared using the method 
described for the synthesis of (la) except that 1 -naphthaldehyde
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was used instead of benzaldehyde. Recrystallization of the crude 
product from 20% hexane/ethyl acetate gave (lb) in 42% yield as 
pale yellow solid, m.p. 71-72°. (Found: C, 71.4; H, 4.9. C2 0 H 1 6 SO3 
requires C, 71.4,: H, 4.8%). lH n.m.r. 5 8.47 (s, 1H), 8.01-8.00 (m, 
1H), 7.90-7.88 (m, 2H), 7.82-7.78 (m, 2H), 7.58-7.51 (m, 6 H), 
7.47-7.43 (t, 1H), 3.46(s, 3H). 13c n.m.r. 8  163.3, 143.3, 139.5,
138.4, 133.3, 131.9, 131.2, 130.5, 130.1, 129.4, 128.7, 127.1, 
126.9, 126.3, 125.9, 125.0, 124.1, 51.9. umax (nujol) 1726 (s),
1618, 1200, 1175 cm-1. Mass Spectrum (c.i. +ve) m/z 337 (M+H+, 
100), 305 (M-OMe, 20), 211 (20) 152 (55), 125 (10), 105 (10).
(E) (RS) Methyl 3-(2'-furyl)-2-phenylsulfinylpropenoate  
( l c )
The titled compound was prepared using the method 
described for the synthesis of (la) except that 2 -furfuraldehyde 
was used instead of benzaldehyde. Recrystallization of the crude 
product from 2 0 % hexane/ethyl acetate gave (lc) in 61% yield as 
pale yellow crystals, m.p. 86-87°. (Found: C, 60.8; H, 4.4. 
C 1 4 H 1 2 O4 S requires C, 60.9,: H, 4.4%). lH n.m.r. 5 7.71 (s, 1H), 
7.71-7.68 (m, 2H), 7.61-7.60 (m, 1H), 7.52-7.51 (m, 1H), 7.47­
7.46 (m, 3H), 6.57-6.56 (m, 1H), 3.72(s, 3H). 13C n.m.r. 8  162.5,
149.4, 146.1, 144.0, 131.7, 130.9, 129.2, 126.6, 125.8, 119.6,
113.1, 51.8. Umax (nujol) 1722, 1598, 1335, 1205, 1178, 1145 
cm -1. Mass Spectrum (c.i. +ve) m/z 277 (M+H+, 100), 245 (M­
OMe, 30), 125 (19), 105 (25).
Methyl 5-phenyl- l ,2,3-triazoIe-4-carboxylate (6a)
To a solution of (la) (0.62g, 2.2 mmol) in DMF (6 mL) was
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added sodium azide (0.286, 4.4 mmol) and glacial acetic acid 
(0.13 mL, 2.2 mmol) and the mixture was stirred at room 
temperature for 24 hrs. Water (20 mL) was then added (solution 
pH was 5) and the solution was extracted with ether (3 x 20 mL). 
The combined organic extracts were washed with water (5 x 10 
mL) and then dried (MgSC>4 ), filtered and evaporated. The crude 
product was recrystallized from ethyl acetate/hexane to give (6 a) 
(0.32 g, 73%) as a pale yellow solid, m.p. 106-107° (lit.39, 113°). 
(Found: C, 59.0; H, 4.7; N, 20.7. C10H9 N3 O2 requires C, 59.1,: H, 4.5; 
N, 20.7%). !H n.m.r. 5 7.9-7.8 (m, 2H), 1 .5-1  A  (m, 3H), 3.95(s, 3H). 
13C n.m.r. (the triazole signals could not be detected under the 
experimental conditions) 5 161.3, 129.7, 129.2, 128.4, 52.4. Umax 
(nujol) 1728, 1194, 1162 cm-1. Mass Spectrum (c.i. +ve) m/z 204 
(M+H+, 100), 172 (M-OMe, 25), 116 (10), 104 (13).
M e t h y l  5 - ( l ' - n a p h t h y l ) - l , 2 , 3 - t r i a z o l e - 4 - c a r b o x y l a t e  
(6 b )
The titled compound was prepared from (lb) using the 
method described for the synthesis of (la). The crude product 
was recrystallized from ethyl acetate/hexane to give (6 b) (69%) 
as a white powder, m.p. 186-187°. (Found: C, 6 6 .8 ; H, 4.3; N, 16.8. 
C1 4 H 1 1 N 3 O2 requires C, 66.4,: H, 4.4; N, 16.6%). *H n.m.r. 5 8.00­
7.90 (m, 3H), 1 .6-1  A  (m, 4H), 3.77 (s, 3H). 13C n.m.r. (the triazole 
and ester CO signals could not be detected under the 
experimental conditions) 8  130.2, 128.7, 128.5, 126.8, 126.2, 
124.9, 52.1. Umax (nujol) 1718, 1200, 1182 cm-1. Mass Spectrum 
(c.i. +ve) m/z 254 (M+H+, 30), 185 (100), 133 (87).
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Methyl  5- (2 ' - furyl ) - l ,2 ,3- tr iazole -4-carboxylate  (6c)
The titled compound was prepared from (lc) using the 
method described for the synthesis of (la). The crude product 
was recrystallized from ethyl acetate/hexane to give (6c) (57%) 
as an off white powder, m.p. 102-104°. (lit.39, 142°). (Found: C, 
50.0; H, 3.8; N, 21.9. C8 H7 N3 O3 requires C, 49.7,: H, 3.7; N, 21.7%). 
*H n.m.r. 5 7.61-7.51 (m, 2H), 6.57-6.51 (m, 1H), 3.99 (s, 3H). 13C
n.m.r. 6 161.2, 144.1, 142.2, 136.4, 132.6, 114.7, 112.2, 52.3. 
Umax (nujol) 1725, 1195, 1163cm_l. Mass Spectrum (c.i. +ve) m/z 
194 (M+H+, 100), 162 (M-OMe, 25), 137 (45), 108 (29).
M e th y l  2 - a z i d o - 2 - p h e n y l - l - p h e n y l s u l f i n y l p r o p a n o a t e  
(7 a )
To a solution of (la) (2.3g, 8  mmol) and sodium azide 
(1.04g, 16 mmol) in DMF (24 mL) was added 10% HC1 ( 6  mL) and 
Water was then added and the solution was extracted with ether 
(3 x 20 mL). The combined extracts were washed with water (5 
x 20 mL), dried (MgSC>4 ), filtered and evaporated. The crude 
product was recrystallized from 2 0 % ethyl acetate/hexane 
overnight to give distereomerically pure (7a) as a white solid 
(0.91g, 35%) that decomposed upon heating to 60°. (Found: C, 
57.9; H, 4.6; N, 13.1. C1 6 H 1 5 N 3 O3 S requires C, 58.4,: H, 4.6; N, 
12.8%). *H n.m.r. 5 7.63-7.60 (m, 2H), 7.54-7.51 (m, 3H), 7.38­
7.36 (m, 5H), 5.32 (d, 11.6 Hz, 1H), 3.70 (d, 11.6 Hz, 1H), 3.09 (s, 
3 H). 13C n.m.r. 5 163.5 (s), 140.9 (s), 135.3 (s), 131.5 (d), 129.4
(d), 129.1 (d), 127.7 (d), 124.2 (d), 72.6 (d), 62.2 (d), 51.9 (q). 
U m a x  (nujol) 2091 (s) 1724 (s), 1305 (m), 1197 (m), 1160 (m),
no
1091 (m), 1054 (s) cm*1. Mass Spectrum (c.i. +ve) m/z 330 
(M+H+, 100), 287 (100) 270 (70) 176 (100), 161 (70), 149 (100).
M e t h y l  2 ■ a z i d o - 2 ■ ( 1 - n a p h t h y  1 ) ■ 1 ■
phenylsulf inylpropanoate (7b)
The titled compound was prepared from (lb) (0.4g, 1.2 
mmol) and sodium azide (0.16g, 2.4 mmol) as described above 
except that the mixture was stirred at room temperature for 48 
hrs. The crude product was recrystallized from ethyl 
acetate/hexane to give (7b) (220 mg, 49%) as white needles that 
decomposed upon heating at 75-80°. (Found: C, 63.2; H, 4.2; N,
11.8. C2 0 H1 7N3 O3 S requires C, 63.3,: H, 4.5; N, 11.1%). !H n.m.r.. 5
8.4 (d, 1H), 7.87(t, 1H), 7.66-7.59 (m, 3H), 7.57-7.53 (m, 5H), 7.45 
(t, 1H), 6.06 (d, 10.8 Hz, 1H), 4.10 (d, 10.8 Hz, 1H), 3.00 (s, 3H). 
13C n.m.r. 5 163.6, 140.2, 134.1, 131.5, 130.9, 130.3, 129.2, 127.1,
126.3, 125.1, 124.4, 123.2, 72.4, 59.1, 51.8. umax (nujol) 2099 (s) 
1728 (s), 1312 (s), 1161 (s), 1053 (s). Mass Spectrum (c.i. +ve) 
m/z 380 (M+H+, 5), 337 (15) 289 (40), 226(100), 181(50), 
153(100), 127(100).
Reaction of (7a) with DBU
A solution of (7a) (38.4mg, 0 . 1 2  mmol) in dry CH2 CI2  (0.4 
mL) at 0° was treated with DBU (1 drop). After 2 hrs the pH of 
the reaction mixture was adjusted to 5 by the addition of acetic 
acid. The solution was then diluted with CH2 CI2 (10 mL) and then 
washed with water ( 3 x 5  mL), dried (MgS04), filtered and 
evaporated. The crude reaction mixture (20 mg) was purified by
column chromatography on silica gel. Elution with 22% ethyl 
acetate/hexane gave the triazole (6 a) ( 7.7 mg, 33%) and (la) 
(10.1 mg, 30%). These compounds were identical (t.l.c. and *H
n.m.r. analysis) to (la) and (6 a) described above.
Reaction of (7b) with Triethylamine
A solution of (7b) (38.0mg, 0.1 mmol) in dry CH2 CI2 (1.0 
mL) at 0°C was treated with triethylamine (2 drops). After 4 hrs 
at 0° the pH of the reaction mixture was adjusted to 5 by the 
addition of acetic acid. The solution was then diluted with CH2 CI2  
(10 mL) and then washed with water ( 3 x 5  mL), dried (MgS04), 
filtered and evaporated. n.m.r. analysis of the crude reaction 
mixture showed a 9 : 1 mixture of (lb) and (6 b). The crude 
reaction mixture (18.5 mg) was purified by column 
chromatography on silica gel. Elution with 40% ethyl 
acetate/hexane gave the triazole (6 b) ( about 1 mg ) and (lb) 
(5.8 mg, 17%). These compounds were identical (t.l.c. and l U
n.m.r. analysis) to (lb) and (6 b) described above.
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